i 5 i
NETHcﬁ‘d: PREPARI NG RI BONUCLEASE DI MERS Fiel d of the Invention The P esy A
|nv§nt| Ighgﬁ to a series of techniques used in the prep?tﬁ?ﬂgﬂuﬁﬂﬁl
' e .

purlflcatlon of a ribonucl ease di mer which can be used In

treatment of viral and bacterial infections. Background of the Invention
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new types of drugs in order to treat humans and ani nals. Anbng the many
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Field o he Inventior

The invention relates to a series of
techniques used in the preparation and purification
5 of a ribonuclease dimer which can be used in the
treatment of viral and bacterial infections.

ac ou of the entio
The ever-growing number of bacterial strains

and viral diseases which are resistant to known

10 antibiotics have made it necessary to introduce new
types of drugs in order to treat humans and
_animals. Among the many present treatments and
medicines currently used, it has been known to
administer enzymes in monomeric form in order to

15 benefit patients afflicted with various diseases.
In some cases, this is necessary because certain
diseaée conditions cause a reduction in activity in
certain enzymes. Enzymes are catalyticaily active
proteins which perform almost'al; major life

20 processes in organisms. Thus, many enzymes, either
individually or in certain combinations, have been
isolated for their physiochemical, physiological,
or biological effects.

Amdng the various enzymes which are known to

25 have therapeutic effects or which undergo a
reduction of activity under certain disease
conditions are the ribonucleases. The
rlbonucleases are a group of nuclelc enzymes
commonly found in many anlmal and plant organisms.
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adm ni ster enzynmes in nononeric formin order to 15 benefit patients

af flict W0 Vi j1073@ " | ous diseases. In some cases, this is necegga¥eRIgoRtise
certain di sease conditions cause a reduction in activity in certaln
enzynmes. Enzynes are catalytically active proteins which perform al nost al
major life 20 processes in organi sns. Thus, nmany enzynes, either

I ndividually or in certain conbinations, have been isolated for their
physi ocheni cal , physiol ogi cal, or biological effects. Anpbng the various

enzynes which are known to 25 = have therapeutic effects or which undergo
a reduction of activity under certain disease
2

The study of the properties of ribonuclease and
methods of isolating this enzyme were initiated in
the mid-1950's by Schmidt and McDonald. Among the
many findings based on this enzyme, it was found
5 that cancerous tissue had a greatly reduced

activity of its ribonucleases. In one case, it was
discovefed that leukemic mice had a considerable
decreasé in acid ribonuclease activity, which was
observed particularly in mitochondria and microsome

10 fractions obtained from the spleen tissue of those
animals. Studies such as these have indicated that
the administration of ribonuclease could possibly
be used to prevent or combat the symptoms
associated with viral leukenia.

15 Unfortunately, the potential beneficial
effects that could be achieved through use of
ribonuclease have not materialized primarily due to
the severe cytotoxic effect of the monomeric form
of this enzyme. For example, in tests with

20 cultured fibroblasts, there has been an observed
cytotoxic effect from doses of ribonuclease in
monomeric form even when administered at extremely
small levels. Clearly, it was necessary to develop
ways of maximizing the potential beneficial effects

25 from ribonuclease while minimizing the potentially
harmful cytotoxic effects associated with the
monomeric form of the enzyme.

‘Tt has recently been discovered that an
antiviral or antibacterial composition can be

30 constructed from ribonuclease that does not exhibit
cytotoxic effects when one prepares a composition
based on the dimeric form of the enzyme. Use of
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conditions are the ribonucl eases. The ribonucl eases are a group of nucleic
enzymes found in many ani mal and plant organi sns. y

of the pr gg}r)‘{b?%os of ribonucl ease and nethods of isolating t |sn]egn!‘zi.y&n%all‘*il
initiated in the md-1950"s by Schm dt and McDonal d. Anong the many

findi ngs based on this enzyne, it was found 5 that cancerous tissue had a.
greatly . reduced activity of its ribonucleases. In one case, it was
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ribonuclease dimer compositions has been found to
be effective in the treatment cf a number of
infectious diseases, yet at the same time does not
cause the highly cytotoxic effects normally
5 associated with the ribonuclease monomer. The use
of ribonuclease dimers in various therapeutic
treatments is disclosed in a co-pending
application, PCT Application US88/01785.
Although some ways of manufacturing the
10 dimeric form of ribonuclease from its monomeric
' form aré known, it is now important that one be
able to produce large amounts of the dimeric form
in an inexpensive and efficient manner. It is thus
highly desirable to develop a system for producing
15 and testing large amounts of purified ribonuclease
dimer which has minimal amounts of impurities such
as monomers, multimers, or other contaminants.

S ary of the Invention
In acéordance.with the present invention, an
20 ‘efficient method of.preparing a purified
ribonuclease dimer product is provided which
comprises the steps of:

a) preparing a ribonuclease solution by

adding monomeric ribonuclease to a buffer solution
25 and adjusting the pH to at least about 9;

b)'- adding a suberimidéte coupling reagent
such as dimethyl suberimidate in order to dimerize
the ribonuclease monomers in the ribonuclease
solution while the solution is kept at a pH at or

30  above about 9;
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di scovered that | eukem c mce had a considerable decrease in acid .
ri bpnucl geser/egf3pvi ty, which was observed particularly in m porhoswyrenspnd
m crosone 10 fractions obtained fromthe spleen tissue of those aninals.
Studi es such as these have indicated that the adm nistration of

ri benucl ease coul d possi bly be used to prevent or conbat the synptons
associated with viral |eukema. 15 Unfortunately, the potentia
beneficial effects that could be achi eved through use of ribonucl ease have
not materialized primarily due to the severe cytotoxic effect of the
mononeric formof this enzynme. For exanple, in tests with

4

c) lowering the pH to about 7 in order to
stop the dimerization reaction at a given point;

d) purifying the dimerized ribonuclease
solution by carrying out a first filtration step in

5 which the solution is eluted through an ion
exchange resin, and the fractions containing a
substantial amount of the dimeric form of '
ribonuclease are collected; _

e) carrying out a second filtration step in
10 © which the collected fractions from the first
filtration step are eluted through an ion exchange
resin; and
£) collecting the highly purified dimeric
ribonuclease product resulting from the second
15 filtration step.

' Using the above method, large amounts of
purified ribonuclease dimer product can be
manufactured, and this product will be extremely
useful in treating a variety of viral and bacterial

20 diseases.

B;igf' Description of the Drawings

Figures 1 and 2 are graphic representations of
elution profiles obtained via ion exchange
chromatography carried out in accordance with the

25 present invention.

Detailed Description of the Preferred Embodiments
In‘preparing the dimeric form of ribonuclease
in accordance with the present invention, any
currently available ribonuclease monomers can be
30 used as the starting materials. In the present
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20, cultured fibroblasts, there has been an observed cytotoxic ef fect

fron1do ?onuclease I n ‘'mononeric formeven when adnin
ext remnel 8593614:’5 evels. Clearly, it was necessary to devel op vvays 01166“1
maxi,m zing the potential beneficial effects 25 fromribonucl ease while

mnimzing the potentially harnful cytotoxic effects associated wth the
nmononeric formof the enzyne. It has recently been discovered that an
antiviral or antibacterial conposition can be 30 constructed from

ri bonucl ease that does not exhibit cytotoxic effects when one prepares a
conp05|t|on based on the dineric formof the enzyne. Use of

5

invention, the ribonuclease monomers used were
obtained from Serva Feine Biochemica, GmbH,
Heidelberg, and had catalog No. 28260. The
monomers used can be comprised of Ribonuclease a,

5 or any other of the various ribonucleases
available. The ribonuclease monomers are prepared
for the coupling reaction by dissolving the
ribonuclease monomers in a phosphate buffer at room
temperature in order to prepare a ribonuclease

10 monomer solution. The buffer employed is ,
preferably an 0.1 M disodium hydrogen phosphate
dihydrate buffer, and the monomer is dissolved by
continuously stirring the solution for at least
about 2 hours. A suitable buffer solution has been

15 prepared by dissolving about 70 grams of disodium
hydrogen phosphate dihydrate in about 1,000 ml H,0.
Although actual amounts of the reagents and
solutions used in the present invention can vary,
the dimerization reaction of the pfesent invention

20 has been carried out using from 40 to about 60
grams of the ribonuclease monomer dissolved in a
beaker containing about 5 liters of the disodium
hydrogen phosphate dihydrate buffer. It is also
preferred that the monomeric solution be adjusted

25 to have a pH of at least about 9, and most
preferably about 10. The pH adjustment can be made
using 0.1 N NaOH. | |

‘The dimerization reaction is allowed to take
place by adding a suberimidate coupling reagent in _

30 proportion'to the ribonuclease monomer solution
while maintaining the pH at or above at least about

.9, and pfeferably 10 (+ or - 0.2).- It is preferred
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3 ribonucfease di mer conpdsitions has been found to be effective in the

treatnen“, Fagnber infectious diseases, yet at the sanp y@@mgaﬁglnof -
cause thecﬂlghpy CytOtOXIC effects normally 5 associ at ed mf?h t he

ri bonucl ease nononer. The use of ribonucl ease dinmers in various
therapeutic treatnents is disclosed in a co-pending application, PCT
Application US88/01785. Al though sone ways of manufacturing the .

6

that a dimethyl suberimidate coupling reagent be
used in the present invention, but other known
suberimidate coupling reagents can be employed.. To
the SOIQtion prepared as indicated above, 4-6 grams
5 of dimethyl suberimidate is preferably added to the’
' monomeric solution, and the coupling reagent will
dissolve within about one minute. With continuous
stirring by means of a magnetic stirrer or other
device, the dimerization reaction is allowed to
10 take place for about 30-60 minutes at room
temperature of about 25°C (+ or - 5°C). The
reaction can be stopped by lowering the pH to 7.0
(+ or - 0.2), and this can be aécomplished by the
addition of a 1 M HCl solution. At this point, it
15 is preferred that the resulting mixture be
concentrated using a tangential flow system, as
will be described in more detail below.
At various points in time following the start
of the coupling reaction, it is helpful to remove
20 test samples from the solution and subject them to
gel-electrophoresis analysis. Gel-electrophoresis
studies have shown that although the monomeric form
of the enzyme was clearly visible. in almost every '
fraction analyzed, a band corresponding to the
25 dimeric form of ribonuclease is recognizable after
about 10 minutes of reaction time. A band
corresponding to the dimeric form of the enzyme can
be seen clearly after about 15 minutes, and this
band becomes moré pronounced - as the reaction
30 progresses. Oligomeric forms of the eniyme can
also be observed after about 30 minutes following
the addition of the coupling reagent. The
monomeric form of ribonuclease has a relative”“_m___ 
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10 dimeric formof ribonuclease fromits nmononeric formare known, it is

now important that one be able to produce | ar ge amounts of t | | orm
in an i n\é’%ﬂ?@@ and efficient manner. It is thus highly de?mggg&f’@‘fl

devel op a system for producing 15 and testing | arge amounts of purified
ri bonucl ease di ner which has nininal amounts of inpurities such as
‘nononers, nultimers, or other contaminants. Summary of the Invention In
accordance with the present invention, an 20 ef ficient nethod of
preparing a purlfled rlbonuclease dlner product is provided which conprises
the steps of: '
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molecular weight of 15,000, and the dimeric form
will be double this size.

In order to prepare large amounts of a product
which is primarily a purified ribonuclease dimer,

5 it is preferred that the dimerized ribonuclease
solution_uhdergq at least'two filtration steps in
ordet to isolate the ribonuclease dimers and remove
the ribonuclease in monomeric or multimeric form.
The removed undimerized ribonuclease monomers can

10 thus be collected and are preferably recycled into
the present invention so as to further maximize the
efficiency in the production of the dimeric form of

the enzyme.
In order to separate out the oligomers from
15 the dimerlzed ribonuclease solution, it is

preferred that the solution be filtered through an
ion éxchangé resin. In the preferred embodiment,
the filtration is carried out using a column
prepared with a séphadex ion exchange material. A

20 Sephadex column of about 25 cm in diameter and
about 120 cm in height was prepared and rinsed with
a volume of about 60 liters of 50 mM ammonium
hydrogeh carbonate at a pH of about 8.6. This
carbonate buffer was prepared by dissolving about 4

25 grams of ammonium-hydrogen carbonate in 1,000 ml of
water. The entire ribonuclease solution obtained
above is then applied to the column and eluted with
an equilibrium buffer. Fractions of the solution
are collected by a fraction collector, such as an

30 1KB 2211 Suprec, and the flow rate of the solution
is roughly 80 ml per minute. The elution profile
is recorded by'a recording device such as an LKB

This Sheet Has Been

LT



a) preparing a ribonucl ease solution by adding nononeric ribonucl ease to a .

buff er S bk 97%° and adjusting the pHto at |east about pRir/Pko0/08fiftl N9
a suberimdate coupllng reagent such as di nethyl suberimdate In ord%r to

dimerize the ribonucl ease nononers in the ribonucl ease solution while the
solytion is kept at a pH at or 30 above about 9; 4 c) | owering the
pH to about 7 in order to

8

2210 recorder measuring at a velocity of 0.5
mm/miﬁute, and the absorption can be measured at
280 nm by an LKB 2238 UVICOR SII.
Elution profiles obtained from this filtration
5 step will generally show three peaks: the first
peak represents the multimers of ribonuclease, the
' second peak represents the dimers, and the last
peak corresponds to the remaining amounts of the
monomeric form of the enzyme. At this point it is
10 also'advisable to analyze the individual collected
fractiohs using a gel-electrophoresis analysis.
Such an analysis can be carried out by the SDS-
polyacrylamide gel-electrophoresis process {or SDS~
-PAGE):as'de3cribed in Thomas et al, PNAS 72:2626
15 (1975). In this electrophoretic sthdy, preferably
approximateiy 50 ul of each. fraction collected is
mixed with about 50 ul of a coating buffer and
heated for a period of about 10 minutes at about
95°C. Next, about 25 ml of this mixture is spread
20  into a gel pocket. Finally, the electrophoresis is
carried out for approximately 4 hours at 20-35 mA
in order to separate out the various forms of the
ribonuclease enzymes. The protein bands are made
visible by coloring with a dye such as Coomassie-
25 Blue R250 (Merck).
| Using this SDS-PAGE electrophoresis process,
fractions containing the monomeric, dimeric, or
oligomeric forms of ribonuclease, or mixtures of -
theée,'can be identified and sorted out. After
30 identifying the fraction compositions, those
fractions which are now mostly in the dimeric form
are'iSOIated and collected. The collected dimer
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stop the dinmerization reaction at a given point; d) purifying the dinerized
ri bonuCW§f,]§9det lon by carrying out.a first filtration staaCTMIS96/00341 Ch
the solution 1s eluted through an ion exchange resin, and the fractions
contai ning a substantial anmount of the dineric formof ribonuclease are
colJected; e) carrying out a second filtration step in 10 which the
collected fractions fromthe first filtration step are eluted through an

i on exchange resin; and f) collecting the highly purified dinmeric

ri bonucl ease product resulting fromthe second

9

fractions are preferably further concentrated down
to about 800 ml in a tangential flow system. The
membrene diaphragm of the tangential flow system
can be rinsed again with a suitable solvent so that

5 a greater amount of the dimer can be retained.
This solution is preferably lyophiliied and can be
stored at temperatures of about 4°C until further
reprocessing steps take place. Ideally, the
1yophllization is carried out by distributing

10 approx1mate1y 200 ml portions of the solution in
500 ml1 round bottom flasks and placed in a liquid
nitrogen atmosphere in a rotation evaporator. The
flasks are sealed shut and stored for 30 minutes at
-30°C, after which the material is lyophilized.

15 Since the starting materials can often be
- expensive, it is particularly preferred that the:
monomers filtered out in the previous filtration
step can be drawn back again into the dimerization

, process of the present invention. This can be

20 carried out by collecring the fractions identified
as containing a substantial amount of monomeric
ribonuclease, concentrating them using a tangential
flow system, and adding the coupling reagent
identified above. The coupling reaction occurs as

25 indicated above, and the filtration step described
above is preferably carried out as well. After
lyophilization of the recycled ribonuclease, the
newly formed dimers are mixed thoroughly with the
dimerized product obtained from the first

30 dimerization cycle. Increases in the yield of the
dimer product of up to 30% can be obtained by means
of these recycling techniques.

Sheet Has Been Reilaced

IIIIIlII |I|I|I ||l| il




15 filtration step. Using the above nethod,
ri bonuclm/qur product can be manuf actured and this propOTAUSSe/G019E

extrenely useful

di seases. Brief Description of the Drawi ngs Figures 1 and 2 are graphic

in treating a variety of viral and bacterial 20

representations of elution profiles obtained via ion exchange

chromat ography carried out in accordance with the 25 present invention.
Det ai | ed Description of the Preferred Enbodi nents In preparing the dineric

form of ribonucl ease

10

15

20

25

30

10

The primarily dimeric solutions obtained above
are further purified by éarrying out a second
filtration step in order to further separate out
the dimers from monomers and oligomers and increase
the purity of the final product. In this case, it
is preferred that the lyophilized enzyme mixture
obtained above is eluted through an ion exchange
resin such as a Sephadex G. 50 F column. It is also
preferred in this step that the ion exchange column
be adjusted to have a pH of about 5, and this can
be achieved by the use of an 0.2 M sodium acetate
buffer. The sodium acetate buffer of pH 5 has been
prepared using about 27 g of sodium acetate
trihydrate dissolved in 1,000 ml of water.

The collected fractions corresponding to the
second péak, as determined through the measurements
of the first filtration step, are applied to the
Sephadex column. The conditions and materials
described in the first filtration step are -
preferably employed again when the fractions
undergo the second filtration step. Again, an
elution profile is recorded and used in the
identification and isolation of the desired
fractions collected following the second filtration
step. In this case, the elution profile shows a
very iarge dimer-containing main peak and only two
weak secondary peaks. -

It is again preferred that an SDS-PAGE
analysis of the ribonuclease enzymes taken from the
collected fractions be carried out as indicated
above. These studies indicate that the fractions
corresponding to the .main peak of the elution
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I n accordance with the present invention, any currently avail able

ri bonucl nmers can be 30 used as the starting nﬁtep
vas%ﬁ’ﬂﬁ@@ntion, the ri bonucl ease nbnoners used were dg?alned from

present

hSs90/0dial Ne

Serva Fei ne Bi ochem ca, GwbH, Heidel berg, and had catal og No. 28260. The

nononers used can be conprised of R bonuclease A 5

or any other of the

various ribonucl eases avail abl e. The ribonucl ease nononers are prepared
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profile contain highiy purified ribonuclease dimer -
product. At this point, the fractions of the main
peak are collected and preferably are concentrated
by means of a tangential flow system. It is also
preferred at this point that a desalination process
be carried out by passing the fractions over a
Sephadex.G25.column. A column of about 25 cm in
diameter and 65 cm in height with a base volume of
32 liters was operated at a flow rate of 15 liters
per hour in order to carry out the desalination
process. Additionally, a 50 mM ammonium hydrogen
carbonate buffer was used.

The product at this point will consist of a
highly purified ribonuclease dimer composition.
However,'in order to make lyophilized ribonuclease
dimer into a pharmaceutically useful form, it is
recommended that the dimers undergo a procedure
wherein endotoxins can be removed. It is thus
preferred that the purified dimer product obtained
above be further eluted through a chromatographic
means such as Detoxigel which has a high binding
capacity for endotoxins. Detoxigel has an
approximate binding capacity for endotoxins of
about 2 mg/ml. ‘Since non-specific binding with
other components such as theVproteih dimers, is.
possible, maximum reclamation of the dimeric
material can be obtained by the use of buffers in
the physiological pH range. The addition of 0.1~
0.5 M salt solution (e.g., NaCl) provides the
necessary pH range in order to obtain a maximum _
dimer yield. Typically, a solution containing
1,500 E.U./ml when chromatographed on a

.



for the coupllng reaction by dissolving the ribonuclease nononers in a
phosphat Phodl roomtenperature In order to prepare a rﬁﬁ?ﬂﬂﬁhﬁﬁﬁ
nononer so u |on. The buffer enployed is preferably an 0.1 di sodi um
hydr ogen phosphate di hydrate buffer, and the nononer is dissolved by
confinuously stirring the solution for at |east about 2 hours. A suitable
buf fer solution has been 15 prepared by dissol ving about 70 grans of

di sodi um hydr ogen phosphate di hydrate in about 1,000 ml [err]. Although

actual anmounts of the reagents and solutions used in the present invention
can vary, the dinerization reaction of the present invention

12

detoxification column can be reduced to less than
1.0 E.U./ml.
After freeing the ribonuclease dimer solution
of endotoxins, the solution is collected, sterile-
5 filtered, and passed for lyophilization in a

sterile round-bottom flask. The endotoxin content
of the final preparation can be determined with a
diagnostic kit such as "Coatest (R)" of the Kabi-
Vitrum firm of Munich. This test is based on the

10 activation of Limulus-Amoebocyten-Lysat (LAL) by
the endotoxins. The activated IAL separates the
yellow dye p-nitroanilin from a chromogenic
substrate (5-2423), of which the extinction is
measured as the determinant of the endotoxin

15  content at 405 nm using a spectral photometer. If
the endotoxin content is below 0.1 ng/mg, then the
dimeric solution ig placed in the round-bottom
flasks and lyophilized.

The above érocess can be repeated as often as

20 possible until the desired amount of final
ribonuclease dimer product is obtained. Individual
dimer batches after purification can be sterilized
or further lyophilized as needed, and homogenous
charges of ribonuclease dimer will be obtained

25 which can be highly useful in the treatment of many
viral and bacterial diseases, such as disclosed in
co-pending application PCT/US88/01785. 1In addition
to antiviral and antibacterial effects, other
therapeutic benefits from ribonuclease dimers, such

30 as use as an anti-inflammatory or anti-histaminic
agent, can also be obtained without the potential
cytotoxicity associated with the monomeric form of

Tl



20 has been carried out using from40 to about 60 granms of the
ri bonuclmge/gmg{prrer di ssolved in a beaker containing about BCI/US90700¥41t he :
dlsodlun1hydrogen_phosphate di hydrate buffer. It is also preferred that the
monQneri c sol ution be adjusted 25 to have a pH of at |east about 9, and

nost prefera 2dpH adj ustnent can be nade using 0.1 N NaOH
The dinerizatij. allomed to take place by adding a suberimdate
coupl i ng reage portlon to the ribonucl ease nononmer sol ution
whi | e mai ntaini ng the pH at or above at | east about 9, and preferably 10 (+
or - 0.2). It is preferred : .

_ 13
the enzyme. The present method is particularly
useful in that large amounts of the purified
beneficial ribonuclease dimer product can be
: efficiently produced. The particular ribonuclease
. 5 dimer products obtained using the method of the
present invention can be tested for its enzyme
‘activity on ribonucleic acid solutions and
monitored using a spectral photometer after the
ribonuclease dimer is applied. Use of the present
10 methbd thus allows for the preparation of a highly
purified dimeric enzyme and a test of its activity
as well.

The following ekamples are presented as
illustrative of the present invention and are not
15 intended to limit its scope in any way:

Exa e 1: Preparation o bonuclease Dimer

‘50 grams of ribonuclease monomer were
dissolved in a covered beaker containing 5 liters
of 0.1 M disodium hydrogen phosphate dihydrate and

20 adjusted to pH 10.0 with 0.1 N NaC-  The disodium
hydrogén phosphate dihydrate buffer was prepared by
dissolving 70.98 g disodium hydrogen phosphate
dihydrate in 1,000 ml of water. Next, 5 grams of
the coupling reagent dimethyl suberimidate (Sigma

25  Batch No. 29,3687) were added at 25°C (room
temperatute), and the dimethyl suberimidate
dissolved within 1 minute. The pH level of the
solution was controlled and adjusted continuously
to pH 10 using 0.1 N NaOH. Uéing a magnetic

30 stirrer, the solution was continuously stirred and



1. A nethod of preparing a purified ribonuclease dimer product ‘conprising
t he stemgO®1/10930 preparing a ribonucl ease sol uti on by addi nPCE/TUSIS/00T41
ri bonucl ease to a buffer solution adjusted to a pH of at

addi,ng a suberim date coupling reagent to dinmerize the ribonucl ease-
monpners in the ribonucl ease solution while nmaintaining the pH at at

about 9; c) . stopping the dinerization reaction at a given point by |owering
the pH to about

10
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allowed to react for 45 minutes at about 25°C. The
reaction was stopped as the pH was lowered to about
7.0 using 1 M HCl.

At various points in time following the start

- of the coupling reaction, test samples were removed

and were analyzed through gel-electrophoresis.
Monomers, dimers, aﬁd multimers of the ribonuclease
were separated out in the SDS gel. The monomeric
form of ribonuclease used had a relative molecular
weight of 15,000, and the dimeric form was of about
double this size. The electrophoretic studies
revealed that a dimeric band was seen to form
clearly after 15 minutes following the addition of
the coupling reagent, and this band became bolder
as the reaction progressed. Additionally,
oligomeric forms of ribonuclease were generated
after 30 minutes.

The dimerized ribonuclease solution was
concentrated to 800 ml in a tangential flow system
(Millipore). The Millipore system included a
Filtron Ausschluss 10,0004 filter, an olefin
membrane of 7 bar tear-resistance, and a Verder 80W
Type 20-30 #60079 pump. The input pressure was 2
bar and the output pressure was at minimum lower
than 0.2:. The working capacity was approximately 1

liter per hour. The apparatus has a dead volume of

400 ml so that upon termination of the
concentrating process, the apparatus is rinsed with

400 ml which leads to a final volume of 1,200 ml.

The concentrated ribonuclease solution is then

 subject to a filtration process using Sephadex G 50

F (Pharmacia) in order to separate out the various
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d) .filtering the dinmerized ribonucl ease solution by carrying out a first

filtratiwgg diyfgysbn Which the solution is eluted through a capicarusosreois:
exchange resin, and fractions substantially conprised of the dinmeric form

of - the ribonucl ease are collected; e) carrying out a second filtration step
in which the collected fractions fromthe first filtration step are el uted
through a cation ion exchange resin; and f) collecting the highly purified
dimeric ribonucl ease product resulting fromthe second filtration step. 2.
A met hod according to claim1l wherein the nononeric ribonucl ease sol ution
I's adjusted to a pH of about 10. 3. A nethod according to claim2 wherein

t he nononeric 15

oligomers formed dufing the dimerization process.
For this filtration, a column of 25.2 cm diameter
and 120 cm height was rinsed with a volume of 60

liters of 50 mM ammonium hydrogen carbonate at pH

5 8.6. The 50 mM ammonium hydrogen carbonate buffer

' was prepared by dissolving 3.95 g ammonium hydrogen
carbonate in 1,000 ml of water. Next, the entire
protein solution of 1,200 ml was coated onto the
gel bed and eluted with the equilibrium buffer.

10 Fractions of approximately 1,000 ml were collected
by a fraction collector (LKB 2211 Suprec) for
approximately 15 minutes, corresponding to a flow
rate of 80 ml/minute. The elution profile was
recorded by an LKB 2210 recorder at a velocity of

15 0.5 mm/minute and the absorption was measured at
280 nm by LKB 2238 UVICOR SII. The elution profile
as observed in Figure 1 shows three peaks, the
first of which represents the multimers of
ribonuclease, the second indicates the dimers, and

20 the last peak corresponds to the monomeric forms of
the enzyme. In Figure 1, the thick line indicates
the absorption profile of the ribonuclease
solutions with more sensitive detection than in the
lower thin line of the graph.

25 The ribonuclease mixture in the individual
fractions was then analyzed by the SDS-
polyacrylamnide—-gel-electrophoresis (SDS-PAGE)
procedure in accordance with Thomas et al, PNAS
72:2626 (1975). In this procedure, 50 ul of each

30 fraction is mixed with 50 ul of a coating buffer
and the mixture is heated for 10 minutes at 95°C.
Next, 25 ul of this mixture is spread in a gel
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ri bonucl ease solution is adjusted to pH 10 by adding NaOH 4. A nethod

accordi ngyd 1/50m 1 wherein the buffer used in the nononeri pciysgied1aese |
solution is conprised of a disodi um hydrogen phosphate di hydrate buffer.

5..,A nmethod according to claim1l wherein the couplng reagent is added to
t he. nononeric ribonucl ease solution while the solution is nmaintained at a
pH of about 10. 6. A- nmethod according to claim1 wherein the

suerim date coupling reagent conprises dinmethyl suberimdate 7. A nmethod
according to claim1l wherein the

16

pocket. During the testing, the standard IV
{Merck) protein mixture is spread on as a
reference, covering molecular weights of 12, 300;
30,000; 45,000; 66,200; and 76,000. The coating
5 . buffer used was comprised of the following

ingredients: '

0.72 g.tris HCL (0.06 M)

0.136 g EDTA (III) (5 mM)

. 0.18 g Glycerine (10%)
10 5 g SDS, pH set at 7.2 (add 90 ml water)
10 ml beta-mercaptoethanol (10%)

For the gel-electrophoresis procedure, an 18%
separating gel is prepared which is overlaid with a
3.9% collecting gel. The separating gel solution
15 for 18% acrylamide was comprised of the following
ingredients:
9 g acrylamide
0.045 g bisacrylamide
0.136 g tris HCL pH 8.8 (0.325 M)
20 0.03 g SDS
200 a1l 10% ammonium persulfate solution
20 ul TEMED

The collecting gel solution for 3.9%
acrylamide was comprised of the following:
25 ' 0.39 g acrylamide
10.4 mg bisacrylamide
0.125 m tris HCL pH 6.8
10 mg SDS
100 ul 10% ammonium persulfate solution
30 10 J1 TEMED e
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dimeri zation steps are carried out at roomtenperature. 8. A nmethod
accqrdin n11 wherei n -the dimerization steps are carrlﬁiijqﬁé9

conti nuo%?ﬂé ring the solution. 9. A nethod according to'c %HM?
wherein the dinerization reaction is stopped by addition of HC . 10. A

met hod according to claiml wherein the dinerized ribonucl ease solution is
concentrated before the filtering steps using a tangential flow system 11
A nmet hod according to claim1l wherein the first filtration step is carried
out using a cross-linked dextran ion exchange resin. 12. A nmethod according
to claim1 wherein the

17

The SDS-polyacrylamide gel was prepared by
taking two 20 x 20 cm glass plates which are
thoroughly cleaned and rinsed with ethanol, and
placing them one atop the other. Two spacing

5 strips of 1 mm thickness (length 20.cm, breadth 1
cm) provided the space between the plates into
which the gel was poured. The spacing strips are
mounted on the left and right edges of the glass
'plates. The bottom edge is sealed by a textile

10 adhesive strip, and all three edges are reinforced
with clamps. The edges are additionally sealed
with a 1% agarose solution. After hardening of the
agarose, the separating gel solution prepared above
is filled into the interstices in vertical position

15 up to approximately 3 cm below the top edge of the
glass plate, and with the aid of a Pasteur pipette
is overlaid with a layer of water. The gel is
polymerized after approximately 30 minutes. The
coating of water is poured off, and the edge of the

20 gel is rinsed one time with the collecting gel
solution described above. :

Next, the collecting gel solution is filled in
up to the edge, and a Teflon sample collecting comb
is put in so that the bottom edge of the sample

25 pocket lies approximately 1 cm over the front edge
of the separating gel layer. After approximately
15 minutes, the collecting gel is polymerized, and
the comb can be removed. Next, the textile
adhesive strip is removed and the gel is joined in

30 the vertical position to an electrophoresis
apparatus. The buffer chambers are filled with an
electrophoresis buffer (6g tris-base, (0 05 M), ‘
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ribonucl ease nmononer sol ution conprises 40-60g of ribonuclease nmonmer and

4-6 1 of and wherein the coupling reagent is added p
fron1abongngé6ﬁm A nmet hod according to claim1l wherein Fﬁﬂﬂ? rac |on

col|ected after the flrst filtration step are anal yzed by gel

el ectrophoresis. 14. A nethod according to claim1 wherein the fractions
colelcted following the first filtration step are |yophilized. 15. A
nmet hod according to claim 1l wherein fractions

18

28.5 g glycine, (0.38 M); 1 g SDS, (0.1%); and
1,000 ml H,0) and the gel pockets are rinsed once
with the aid of a buffer spray. The ribonuclease
dimer samples are heated for approximately 10
5 minutes in the buffer coating at 95°C and filled
into a container or area in the testing sample
pocket corresponding the gel pocket.
The electrophoresis was carried out at about
20 mA for about 4 hours. If overnight
10 electrophoresis is desired however, this could be
carrled out at a reduced charge of about 6-8 mA.
The moving front is made visible by interm1x1ng of
0.02% bromophenol—blge into the coating buffer.
" The electrophoresis was terminated when the moving
15 front of the process reached the bottom edge of the
gel. The separating gel is.cut out, dyed for
apﬁroximately'so minutes in a fixing solution and
is then bleached again for 2 hours in a bleaching
solution of 400 ml methanol, 140 ml acetic acid,
20 and 2,000 ml H,0. The fixing solution was prepared
by combining 500 ml1 of the bleach solution with 12
ml of a dyé solution comprising 1 g Coomassie-blue
(R250, Merck), 50 ml H,0, and 50 ml methanol. The
protein bands were then made visible by coloring
25 with the dye solution as indicated above. The
traces made using the SDS-PAGE technique indicated
a gradual increase in the amount of dimerized
ribonuclease- in the samples which ultimately
included fractions containing multimers as well.
30 All of the fractions, which were mainly in
dimeric form, were collected and concentrated.to
800 ml in a tangential flow system (Millipore).
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collected after the first filtration step which are primarily nDnonerlc

ri bonuclr}gssg(j,@fyg?recycl ed in the dinerization process. 16. A %ﬂ,,o?“l

accor di m 1 wherein the second filtration step is carrle

usi pg a cross-linked dextran ion exchange resin. 17. A method according to
claim1 wherein the second filtration step is carried out at a pH of about
5. 18. A nethod according to claim 17 wherein the pH of the second
filtration step is obtained using a sodium acetate buffer. 19. A nethod
according to claim1 wherein fractions collected during the second
filtration step are anal yzed by gel el ectrophoresis.

19

The membrane diaphragm was rinsed again with 400 ml
of the permeate so that a total volume of 1,200 ml
of solution with the dimers remains leftover.
Next, this solution was lyophilized and stored at
5 4°C until the next step. The lyophilization was
carried out by distributing the solution in
approximately 200 ml portions into 500 ml round-
bottom flasks. The flasks were then placed in
liguid nitrogen and frozen into a rotation
10 evaporator (Heidolph VV60). The flasks were then
sealed shut and stored for 30 minutes at -30°C.
Finally, this material was lyophilized using
standard operating procedures.
‘ Before the next step of the process, monomeric
15 ribonuclease filtered out from the first filtration
' - step were collected and recycled into the
dimerization process. In this case, the fractions
froﬁ the filtration step which were primarily
ribonuclease in monomeric form were collected and
20. concentrated to 4 liters using the above-identified
tangential flow system. Next, the monomeric
fractions were dimerized using the coupling reacent
‘as indicated above. Following the coupling step
‘using the recycled monomers, a filtration process
25 was carried'out as indicated above, and the
recycled monomers were now obtained in dimeric
form. The lyophilisates obtained from the first
dimerization process are combined with the dimeric
lyophilisates obtained from recycling the monomers.
30 ‘ The combined lyophilized ribonuclease mixture
obtained from the above steps is now
chromatographed again over Sephadex GSOF in_order
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20. A nethod according to claim1 wherein a desalination step is carried

ond filtration step. 21. A nethod accordingct Jﬁ?

i nation step is carried out using a cross-lin extran
&5, colum. 22. A nethod according to claim1l further conprising the step

of renoving endotoxins fromthe purified ribonucl ease di ner product.
met hod according to claim22 wherein the endotoxins are renoved using a

wher oi n PROTIEE

Det oxi ge

col um.

10

15

20

25

30

20

to obtain improved separation of the dimers from
the monomers and the oligomers. The chromato-
graphic procedure was carried out using a Séphadex
G 50 F (Pharmacia) column in 0.2 M sodium acetate
buffer at pH 5. The 0.2 M sodium acetate buffer
was prepared by dissolving 27.22 g sodium acetate
trihydrate in 1,000 ml of water. The chromatog-
raphy was carried out under conditions and using
the apparatus as identified above in the first
filtration step.

In this case, an elution profile was again
obtained, and this can be observed in Figure 2. In
this figure,'the thick line represents the
absorption profile of the ribonuclease solutions
obtained using more sensitive detection than in the
profile indicated by the thin line. The middle of
the more sensitive elution profile shows a large
dimer~containing main peak, and only two weak
secondary peaks. An SDS-PAGE analysis of the
enzymes taken from the peak fractions shows a
greater accumulation of the dimers in the main peak
as compared with the elution profile of the first
filtration step.

' The fractions of the main peak were collected

‘and concentrated by means of the tangential flow

systenm described above. For desalination, these
collected fractions were passed over a Sephadex G25
column. The column had a diameter of 25.2 cm, a
height of 65 cm, a base volume of 32 liters, and
was operated at a flow rate of 15 liters/hour. All
of the ribonuclease solutions from the main peak of

the second elution profile up to a maximum of 5
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9 fractions are preferably further concentrated dowmn to about 800 mi

tangentlal

flom/systenl The nenbrane di aphragm of the tangen
system R B sed again with a suitable solvent so that 5

amount of the dinmer can be retained. This 'solution is preferably
| yophi i zed and can be stored at tenperatures of about [err] until further
reprocessi ng steps take place. Ideally, the Iyophilization is carried out

by distributing 10

m

round bottom flasks and placed in a liquid

10

15

20

25

30

21

liters were coated onto the Sephadex column. The
desalination was carried out using the 50 mM
ammonium hydrogen carbonate buffer. The
desalination cycle lasted for 90 minutes at which

point 5 liters had been collected. . The remainder

of the cycle was discarded. An elution profile was
recorded and the single peak was collected in a S5
liter Schott flask. Traces of the sample of the
purified final product were plotted under reduction
conditions with beta-mercaptoethanol, and in non-
reduced form. The SDS-PAGE studies of the final
purified product indicated that only the dimeric
form of ribdnuclease‘was present.

In order to place the lyophilized protein into

" a pharmaceutically useful form, it was necessary to

free the ribonuclease dimers of endotoxins. For
this purpose, the purified dimers were
chromatographed using a Detoxigel column. To
obtain a maximum reclamation of the desired
ribonuclease dimer material, it was necessary to
use buffers in the physiological pH range. This
was accomplished through the addition. of salt
solutions. The enzyme solutions were coated onto
the Detoxigel column, and endotoxins in an amount
of up to 1,500 E.U./ml were removed. Before and
after each cycle, the Detoxigel was regenerated
with 1% desoxycholate, followed by a thorough
rinsing with water until the endotoxins could no
longer be detected in the rinse. The column volume
was 750 ml (diameter 9.5 cm, height 14 cm), and the
column was equilibrated with 0.1 M ammonium
bicarbonate. The endotoxin-free buffer was mixed
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approximately 200 ml portions of the solution in 500



ni trogen atnosphere in- a rotation evaporator. The flasks are seal ed shut

and stor mnutes at [err], after which the material ptprus9o/o014
| yophi | ié@éﬁigﬁg Since the starting materials can often be expens?ve,

it s particularly preferred that the nmononers filtered out in the previous
filtration step can be drawn back again into the dinerization process .of
the present invention. This can be 20 carried out- by collecting the
fractions identified as containing a substantial anount of nononeric

ri bonucl ease, concentrating themusing a tangential flow system and addi ng
t he coupling reagent identified above. The coupling reaction occurs as

22

with sterile water. A ribonucleate solution in a
volume of 2 liters was coated onto the gel bed and
was left to soak into the gel. The protein was
then eluted with the equilibrating buffer and was

5 collected in a sterile beaker. The solution was
then passed for lyophilization into a sterile
round-bottom flask.

The endotoxin content of the preparation was

determined with a diagnostic kit called "Coatest

10 (R)" of the Kabi-Vitrum firm of Munich. This test
is based on the activation of Limulus-Amoebocyten-
Lysat (LAL) by the endotoxins. The activated LAL
separates the yellow dye p—-nitroanilin from a
chromogenic suhstate.(s-2423), and the reduction in

15 color is measured as a determinant of the endotoxin
content at 405 nm by a spectral photometer. The
purified ribonuclease dimeric products having below
0.1 ng/mg were passed on to round-bottom flasks and
then lyophilized. The resulting product was a

20 lyophilized hiéhly purified ribonuclease dimer
solution which could be stored until needed for
further use.

Example 2: Enzyme Activity Test

The enzyme activity of the dimeric
25 ribonuclease. prepared in the present invention can
be tested using an activity test such as described
in Kunitz, J. Gen. Physiol. 24:15 (1940). This
test is based on the fact that as a result of the
influence of ribonuclease on ribonucleic acigd, its
30 absorption spectrum is shifted in the UV range
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25  i.ndicated above, and the filtration step described above is preferably
carried After lyophilization of the recycled rig@f t he
new y féﬁ#@&ﬁQ rs are m xed thoroughly with the dinerized prdﬁﬁg?ﬂﬁﬁ‘l

obtained fromthe first 30 di meri zation cycle. Increases in the yield

of the dimer product of up to 30% can be obtained by nmeans of these

recycling techniques. 10 The primarily dinmeric solutions obtained above
23

toward shorter wavelengths. In a range of 290-305
nm, the'congentfation of nucleic acid decreases as
a result of digestion with ribonuclease. In the
initial phase of the reaction, this decrease runs
-5 linearly and can be used as a measure for the
enzyme activity. In this test, the decrease in the
amount of nucleic acid is measured at 300 nm.

The test was carried out at a constant
temperature of 25°C, and a temperable cuvette was

10 used so that all the solutions could be treated
before use for 5 minutes at 25°C. Measurements
were taken at 300 nm using a spectral photometer.
A reaction - lume was 3 ml and the reaction is
carried out :a a 3 ml cuvette which includes ‘a

15 layer thickness of 1 cm. '

A reaction mixture was prepared using 1.5 ml
of a ribonucleic acid solution, 0.05-0.5 ml of the
test sampies including the ribonuclease fractions,
and water added in an amount up to 10 ml. The

20 ribonucleic acid solution was prepared using 80 mg
of ribonucleic acid and sodium salt (Boehringer)
dissolved in a 50 ml acetate buffer. The acetate
buffer was an 0.1 M acetate buffer at pH 5 prepared
by mixing 0.57 ml glacial acetic acid with

25 approximately 80 ml of distilled water, adjusted to
pH 5 with 1 N NaOH, and filled up to 100 ml with
distilled water followed by sterile filtering. The
test sample_solutions including the ribonuclease
dimers were prepared from 5 mg of the ribonuclease

30 dimer sample dissolved in 5 ml of distilled water,
diluted so that the measured value was within the

favorable range.
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are further purified by carrying out a second filtration step in order to

furt her 9#,%-% oout the dinmers from nononers and oligoners pog/USw7eRsSe
the purity o e final product. In this case, it is preferred that the

| yophi | i zed enzyne m xture obtained above is eluted through an ion exchange
resin such as a Sephadex G 50 F colum. It is also preferred in this step
that -t he i on exchange columm 10 be adjusted to have a pH of about 5, and
this can be achieved by the use of an 0.2 M sodium acetate buffer. The
sodi um acetate buffer of pH 5 has been prepared using about 27 g of sodium
acetate trihydrate dissolved in 1,000 m of water.

24

The ribonucleic acid and test sample solutions
'were mixed in a cuvette and the reduction of
nucleic acid was tracked for approximately 20
minutes using the spectral photometer spectronic
5 1001 {(Bausch & Lomb). The absorption profile was
recorded, and the linear range was observed for
about 8 minutes. The reactions were continued at
25°C until the reaction completion, which occurred
after approximately 3 hours. The solutions were
10 then measured again for determination of a final
value and measurements were repeated twice to get
an average value therefrom.
For calculation. of the enzyme activity, the
extinction of the nucleic acid must be determined
15 at the start of the reaction (E,), and the final
| extinction (E,) of the reaction at A E/minute of
the linear initial range. The dilution of the
ribonuclease dimer test sample must be selected so
that A E/minute is not greater than 0.007. A blank |
20 value is set from a reaction batch made with
ribonuclease and water, which must be subtracted
from the measured values. An enzyme unit is
defined as the quantity of enzyme under which the
test conditions cause a drop of 100% per minute of
25 the value of E-E, for the substrate at 25% C. The
greatest possible value for the extinction observed
at 300 nm is E-E,. The calculation of the
specific activity of the enzyme was as follows:

(3 x 8 E/min) Dilution factor
30 (E, - E,) x volume (ml) of sample solution
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15 ., The collected fractions corresponding to the second peak, as
determ h the measurenents of the first filtration Sﬂ?“

appl‘i edr‘tg@étlzfe gphadex colum. The conditions and nateri al si, esc§| lg?jlﬁln
the first filtration step are 20 preferably enpl oyed agai n when the
fractions undergo the second filtration step. Again, an elution profile is
recorded and used in the identification and isolation of the desired
fractions collected following the second filtration 25 step. In this
case, the elution profile shows a very |large diner-containing nain peak and
only two weak secondary peaks.

25

The dimeric ribonuclease enzymes of the
present invention showed significant amounts of
enzyme activity.

Tl



It is again preferred that an SDS- PAGE anal ysis of the ribonucl ease enzynes.
t aken frnggﬂﬁn%ﬂ collected fractions be carried out as ip@ir;mmoahgve
These studies indicate that the fractions corresponding to the nain peak of
the_.elution profile contain highly purified ribonucl ease dimer product.

At this point, the fractions of the main peak are collected and preferably
are concentrated by neans of a tangential flow system It is also 5
preferred—at tThis point that a desalination process

R -

26

What Is Claime s
1. A method of preparing a purified
ribonuclease dimer product comprising the steps of:

"a) preparing a ribonuclease solution by

~ adding monomeric ribonuclease to a buffer solution
5 adjusted to a pH of at least about 9;

-b) adding a suberimidate coupllng
reagent to dimerize the ribonuclease monomers in
the ribchucléase solution while maintaining the pH
at at least about 9; |

10 c) stopping the dlmerlzatlon reaction
at a given point by lowering the pH to about 7;

d)  filtering the dimerized ribonuclease
solution by carrying out a first filtration step in
which the solution is eluted through an ion

15 exchange resin, and fractions substantially
comprised of the dimeric form of the ribonuclease
are collected.

‘e) carrying out a second filtration
step in which the collected fractions from the

20 first filtration step are eluted through an ion
exchange resin; and

f)  collecting the highly purified
dimeric ribonuclease product resulting from the
second filtration step.
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be carried out by passing the fractions over a Sephadex &5 columm. A

col ym owvapored7385 cmin dianeter and 65 cmin height wth apcIveSeelo0® of
32 liters was operated at a flowrate of 15 liters 10 per hour in order
to carry out the desalination process. Additionally, a 50 nM ammoni um

hydrogen car bonate buff product at this point will consist
of a highly purified ri “mpﬁﬁ nﬂmﬂgmcomosi tion. 15 However, in order
to make |yophilized ribosucti easendi ser«1nto a pharnaceutically useful form
it is recoomended that the diners undergo a procedure wherein endotoxins.
can be renoved. It is thus : .

27

2. A method according to Claim 1 wherein the
monomeric ribonuclease solution is adjusted to a pH
of about 10. ' '

3. . A method according to Claim 2 wherein the
monomeric ribonuclease solution is adjusted to pH
10 by adding NaOH.

4. A method according to Claim 1 wherein the
buffer used in the monomeric ribonuclease solution
is comprised of a disodium hydrogen phosphate
dihydrate buffer.

' 5. A method according to Claim 1 wherein the
coupling reagent is added to the monomeric
ribonuclease solution while the solution is
maintained at a pH of about 10.

6. A method accdrding to Claim 1 wherein the
suberimidate coupling reagent comprises dimethyl
suberimidate. _

7. A method according to Claim 1 wherein the
dimerization steps are carried out at room
temperature. -

8. A method according to Claim 1 wherein the
dimerization steps are carried out while |
continuously stirring the solution.

9. A method according to Claim 1 wherein the
dimerization reaction is stopped by addition of
HCl.

10. A method according to Claim 1 wherein the
dimerized ribonuclease solution is concentrated
before the filtering steps using a tangential flow
systen.
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preferred that the purified dinmer product obtained 20 above be further
el ut ed t WwopegpeEsochr omat ogr aphi ¢ neans such as Det oxi gel whi pbT/es9020014gh

bi ndi ng capacity for _endotoxins. Detoxigel has an approxi mate binding
capacity for endotoxins of about 2 ng/m . Since hon-specific binding with
25 - other s the protein dinmers, is possible, maxinmm
recl amati on ﬂ"l“ﬂmznmmﬂmﬁterl al can be obtained by the use of buffers
i'n the physiotodical pH sange. The addition of 0.1- 0.5 Msalt solution

(e.g., NaC) provides the 30 necessary pH range in order to obtaln a .
maxi mum di mer yield. Typically, a solution containing
' 28

11. A method according to Claim 1 wherein the
first filtration step is carried out using a
Sephadex ion exchange resin.

12. A method according to Claim 1 wherein the
ribonuclease monomer solution ¢omprises 40-60 g of
ribonuclease monomer and 4-6 1 of buffer, and
wherein the coupling reagent is added in an amount

5  of from about 4-6 g.

13. A method according to Claim 1 wherein the
fractions collected after the first filtration step
are analyzed by gel electrophoresis.

14. A method according to Claim 1 wherein the
fractions collected :ollowing the first filtration
step are lyophilized.

15. A method ;ccording to Claim 1 wherein
fractions collected after the first filtration step
which are primarily monomeric ribonuclease are
recycled in the dimerization process.

16. A method according to Claim 1 wherein the
second filtration step is carried out using a
Sephadex ion exchange resin.

17. A method according to Claim 1 wherein the
second filtration step is carried out at a pH of
about S.

18. A method according to Claim 17 wherein
the pH of the second filtration step is obtained
using a sodium acetate buffer,'

19. A method according to Claim 1 wherein
fractions collected during the second filtration
step are analyzed by gel electrophoresis.
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1,500 E.U./m when chronatographed—on -a - 12 detoxification colum can be
reduced to Iess t han ter freeing the ribonucle e di ner

sol Ut i oVO1EHT30 oxi ns Rm‘ m uﬁt col l ected, sterile- ySIp{emay
and.passed for |yophiliza |Ie round-botton1f|ask. The

-endot oxi n content of the final preparatlon can be determined with a

di aghostic kit such as "Coatest (R)" of the Kabi -

29

20. A method according to Claim 1 wherein a
desalination step is carried out after the second
filtration step. '

21. A method according to Claim 20 wherein
the desalination step is carried out using a
Sephadex G25 column. '

22. A method according to Claim 1 further
comprising the step of removing endotoxins from the
purified ribonuclease dimer product.

23. A method according to Claim 22 wherein
the endotoxins are removed using a Detoxigel
column. '
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(54) Title: METHOD OF PREPARING RIBONUCLEASE DIMERS

(57) Abstract

A method for preparing purified ribonuclease dimers is provided which comprise the steps of dimerizing monomeric rib-
onuclease with a suberimidate coupling reagent, filtering out undimerized monomers and oligomers from the dimer solution us-
ing a series of ion exchange resin chromatography steps, monitoring the progress of the reaction through gel electrophoresis, and

' collecting the purified ribonuclease dimer product. The method is advantageous in that large amounts of the dimeric product can

be ootained efficiently and relatively inexpensively, and the ribonuclease dimers so produced can be employed for their beneficial
effects in combatting viral and bacterial infections without the cytotoxic effects normally associated with the ribonuclease mon-

omer.
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di r}‘e'r bat ches after purifi-cation can be sterilized or further lyophilized
as ‘needed, and honogenous.charges of ribonucl ease diner will be obtained 25

whi th caWOM/M73Al y usef Uf; Betrregihpnt of many viral anBCHAIS/00141
di-seases, such as discl os l Jing application PCT/US88/01785. In
addition to antiviral an | effects, other therapeutic benefits
fromribonucl ease diners, such 30 use as an anti-inflammatory or
anti-histam nic agent, can al so be obtained w thout the potenti al
cytotoxicity associated with the nononeric form of

1/2
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13 the enzynme. The prigsspad HiHRObplagedparti cul arly useful in that |arge
anbunts of the purifi il ri bonucl ease di ner produ

ef i ci eWOPIH0GHced. Iﬂugﬂlwu umﬂl‘r ri bonuclease 5 diner gﬁ@@%@?@m‘"
obtai ned using the ne esent 3f//ention can be tested for its
enzyne activity on ribonucleic acid solutions and nonitored using a

spectral photoneter after the ribonuclease dinmer is applied. Use of the
present 10 mRetRett=—tdras—tit-ows—ftor—titre—preparatT / of===pi ghly purified

dineric enzype and a test of its activity
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as well. The follow ng exanples are presented as illustrative of the X
peésent_invention and.are not 15 . .intended to linmt its scope in_any way:
Exanﬁré_f_ Preparation of Ri bonucl ease Di mer 50 grams of ribonucl-ease :
MO N GiRR SheseHs BekinReplac®ed i n a covered beaker cont IS Qp&kilh
dl_sodlw “‘l hosphat e di hydrate and 20

0.1 N sodi um hydr ogen phosphat ate buffer p'?éﬁ -
by di ving 70.98 g disodi um hydrogen phoggwmjl hydrat e i rd\%swﬂg

wat er. Next, 5 grans of the coupling reagent dimethyl suberimdate (Slgna

1. A method of preparing a purified ribonuclease dimer
product comprising the steps of:

a) preparing a ribonuclaase solution by adding
monomeric ribonuclease to a buffer solution adjusted to a pH of
at least about 9;

'b) adding a suberimidate coupling reagent to dimerize
the ribonuclease monomers in the ribonuclease solution while
maintaining the pH at at least about 9;

- ¢} stopping the dimerization reaction at a given point

>~ by lowering the pH to about 7; “

d) filtering the dimerized ribonuclease solution by =

" carrying out a first filtration step in which the solution is -
eluted through a cation ion exchange resin, and fractions
substantially comprised of the dimeric form of the ribonuclease
are collected;

' e) carrying out a second filtration step in which the
collected fractionas from the first filtration step are eluted
through a cation ion exchange resin; and

£) collecting the highly purified dimeric ribonuclease
product resulting from the second filtration step.

2. A method according to claim 1 wherein the monomeric
ribonuclease solution-is adjusted to a pH of about 10.

3. A metnod.according to claim 2 wherein the monomaric
rxbonuclease solution is adjusted to pH 10 by adding NaOH.

4. A method according to_cla#m:l wherein the buffer
used in the monomeric ribonuclease solution is comprised of a
discdium hydrogen phosphate dihydrate buffer.

5., A method according to clain 1 vherein the couplng
reagent is added to the monomeric ribonuclease solution while the
solution is maintained at a pH of about 10.

- Hllllll I Illﬂ lllll H llll " SUBSTITUTE SHEET™



25, Batch No. [err]) were added at [err] (roomtenperature), and the
di et hy | TiE4es iHES Bbek Repticaisol ved wi t hi-n 1 mi nut-e.- The-pH l'evel-.of the

soI’UI i on and adj usted conti nuously to pH 10 using 0.# N
Naq-i - Usi
andr 14

0 t h I d

ct f?)rI E1r56;n nLt gssgt u; CO tOjgga&a_tIrre

stopped as the pH was | owered to about 7. %ﬁ/ﬁg 1M HCl —
. 06 APR1392

6. - A-method accordinq to claim 1 wherein the
‘suerimidate coupling reagent comprises dimethyl suberimidate.

7. A method according to claim 1 wherein the
dimerization steps are carried out at room temperature.

8. A method according to claim 1 wherein the |
dimerization steps are carried out while continuocusly stirring
the solution.

9. A method according to claim 1 wherein the
dimerization reaction is stopped by addition of HCl.

| 10. A method according to claim 1 wherein the
dimerized ribonuclease golution 1s concentrated before the
. filtering steps using a tangential flow system.

11. A method according to claim 1 wherein the first
filtration step is carried out using a cross-linked dextran ion
exchange resin.

12. A method according ta claim 1 wherein the
ribonuclease monomer solution comprises 40-60 g of ribonuclease
~' . monmer and.4-6 1 of buffer, and wherein the coupling reagent is
added in axr-_qﬁount; of from about 4-6 g.

'1'3'.. A method according to claim 1 wherein the
fractions collected after the first filtration step are analyzed
by gel electrophoresis.

. 14. A method according to claim 1 wherein the-
fractions colelcted following tha first filtration step are
lyophilized. :

Hllllll ] lllll lllll H llll

SUBSTITUTE SHEET"




Mohoner s, rrgjm‘lﬂ rs of the ribonucl ease were separated oyt in

t h& SDS_gel . rm of ribonucl easem'ﬁuﬁla e

mekecul ar -T0  wei ght of 15,000, and the dineri 900/QQMI e
this_stze. The el ectrophoretic studies reve d that a d| s ¢
seen to formclearly after 15 mnutesf §gthe addi ti EP Qf
coupling reagent, and this band becarre o der as t he reactlon -

progressed. Additi dfal | § methadndc whereife fragtdong: cd
collaected after the first f:.ltration stcp which are primarily

. mondnier;l.c ribonuclease are recycled in the dimerization process.

At vari ous pom;&e& ag Qllowi ng the start 5 of the coupling reactien, :
-t &6t sarrpl es mﬁ were anal yzed through gel - et ectrophoresirsr -—-——

16.' A method accoi'dinq to clainm 1 wherein the second
filtration step ia ca.rried out usinq a cross-linked dextran ion -
exchange resin.

_ 17. A method according to claim 1 vherein the second
filtration step is carried out at a pH of about 5.

18. A method according to claim 17 wherein the pH of
' the second filtration step is obta_.ined using a sodium acetate
" buffer. :

19. A method according to claim 1 wherein fractions
collected du_r_ing the second filtration step are analyzed by gel
electrophoresis.

| 20. A method according to claim 1 wherein a
desalination step is carried ocut after the second filtration

step .

-~ 21. A method according to claim 20 wherein the
desalination step:is carried out using a cross-linked dextran G25

column.

o 22. A method accordiﬁg- to claim 1 further comprising
the step of removing endotoxins from the purified ribonuclease
dimer product. '

23. A method according to claim 22 wherein the
endotoxins are removed us.ing a Detoxigel column.
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after 30 m nutes. The dinerized ribonucl ease solution was concentrated to
800 mM in a tangential flow system 20 (MIlipore). The MIIlipore system
included a Filtron Ausschluss 10,000d filter, an ol efin menbrane of 7 bar
tear-resistance, and a Verder 80W Type 20-30 #60079 punp. The input .
pressure was 2 bar and the output pressure was at mni mum | ower 25 t han
0.2. The working capacity was approximately 1 liter per hour. The
apparatus has a dead volune of 400 ml so that upon term nation of the
concentrating process, the apparatus is rinsed with 400 n1 which leads to a
final volume of 1,200 nl. 1

THOD O REP G_RIBONUC SE D RS

ield of the ventio

The invention relates to a series of
techniques used in the preparation and purification
5 of a ribonuclease dimer which can be used in the
treatment of viral and bacterial infections.

Background of the Invention
The ever-growing number of bacterial strains

" and viral diseases which are resistant to known
10 antibiotics have made it necessary to introduce new
types of drugs in order to treat humans and
animals. Among the many present treatments and
medicines currently used, it has been known to
administer enzymes in monomeric form in order to
15 benefit patients afflicted with various diseases.
In some cases, this is necessary because certain
disease conditions cause a reduction in activity in
certain enzymes. Enzymes are catalytically active
proteins which perform almost all major life
20 processes in organisms. Thus, many enzymes, either
individually or in certain combinations, have been
isolated for their physiochemical, physiological,
or biological effects.
Among the various enzymes whlch are known to
25 have therapeutic effects or which undergo a
reduction of activity under certain disease
conditions are the ribonucleases. The
ribonucleases are a group of nucleic enzymes
commonly found in many animal and plant organisms.
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39% The concentrated ribonucl ease solution is then subject to a
filtration process using Sephadex G 50 F (Pharnaci a)
15 oligomers formed during the dinerization process.

out the vari ous

this filtration,
wi th a volune of 60 liters of 50 nM anmoni um hydrogen carbonate at pH 5

In order to separate

For

a colum of 25.2 cmdianeter and 120 cm hei ght was rinsed

8.6. The 50 nM anmmoni um hydr ogen carbonate buffer was prepared by
di ssol ving 3.95 g ammoni um hydr ogen

10

15

20

25

30

2

The study of the properties of ribonuclease and
methods of isolating this enzyme were initiated in
the mid-1950's by Schmidt and McDonald. Among the
many findings based on this enzyme, it was found
that cancerous tissue had a greatly reduced
activity of its ribonucleases. In one case, it was
discovered that leukemic mice had a considerable
decrease in acid ribonuclease activity, which was
observed particularly in mitochondria and microsome
fractions obtained from the spleen tissue of those
animals. Studies such as these have indicated that
the administration of ribonuclease could possibly
be used to prevent or combat the symptoms
associated with viral leukemia.

Unfortunately, the potential beneficial
effects that could be achieved through use of
ribonuclease have not materialized primarily due to
the severe cytotoxic effect of the monomeric form
of this enzymé. For example, in tests with
cultured fibroblasts, there has been an observed
cytotoxic effect from doses of ribonuclease in
monomeric form even when administered at extremely
small levels. Clearly, it was necessary to develop
ways of maximizing the potential beneficial effects
from ribonuclease while minimizing the potentially
harmful cytotoxic effects associated with the

monomeric form of the enzyme.

It has recently been discovered that an
antiviral or antibacterial composition can be
constructed from ribonuclease that does not exhibit
cytotoxic effects when one prepares a composition
based on the dimeric form of the enzyme. Use of

This is the replacement gheet
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carbonate in 1,000 m of water. Next, the entire protein solution of 1,200
m was coated onto the gel bed and eluted with the equilibriumbuffer. 10
Fractions of approximately 1,000 m were collected by a fraction collector
(LKB 2211 Suprec) for approximately 15 mnutes, corresponding to a flow
rate of 80 m/mnute. The elution profile was recorded by an LKB 2210
recorder at a velocity of 15 0.5 mim nute and the absorption was
measured at 280 nm by LKB 2238 UWVICOR SII. The elution profile as observed
in Figure 1 shows three peaks, the first of which represents the nmultiners
of ribonucl ease, the second indicates the 3limers, and

ribonuclease dimer compositions has been found to

~ be effective in the treatment of a number of
infectious diseases, yet at the same time does not
cause the highly cytotoxic effects normally‘

5 associated with the ribonuclease monomer. The use
of ribonuclease dimers in various therapeutic
treatments is disclosed in a co-pending
application, PCT Application US88/01785.

Although some ways of manufacturing the -

10 dimeric form of ribonuclease from its monomeric
form are known, it is now important that one be
able to produce large amounts of the dimeric form
in an inexpensive and efficient manner. It is thus
highly desirable to develop a system for producing

15 and testing large amounts of purified ribonuclease
dimer which has minimal amounts of impurities such
as monomers, multimers, or other contaminants.

Summary of the Invention

In accordance with the present invention, an
20 efficient method of preparing a purifiedf
ribonuclease dimer product is provided which
comprises the steps of:

a) - preparing a ribonuclease solution by

adding monomeric ribonuclease to a buffer solution
25 and adjusting the pH to at least about 9;

b) adding a suberimidate coupling reagent
such as dimethyl suberimidate in order to dimerize
the ribonuclease monomers in the ribonuclease
solution while the solution is kept at a pH at or

30 above about 9;

Tvus 18 the replacement ghoet



20

Figure 1

the | ast peak corresponds to the nononeric forns of the enzyne.

the thick line indicates the absorption profile of the

In

ri bonucl ease solutions with nore sensitive detection than in the lower thin

| ine of the graph. 25

The ri bonucl ease mi xture in the individual

fractions was then analyzed by the SDS- pol yacryl am de-gel - el ectrophoresi s

(SDS- PAGE) procedure in accordance with Thonas et al

In this procedure, [err] of each 30 fraction is mxed with 50 [err]
coating buffer and the mixture is heated for 10 minutes at [err]. Next,
of this mxture is spread in a gel

[err]

10

15

20

25

30

c) lowering the pH to about 7 in order to

. stop the dimerization reaction at a given point;

d) purifying the dimerized ribonuclease
solution by carrying out a first filtration step in
which the solution is eluted through an ion
exchange resin, and the fractions containing a
substantial amount of the dimeric form of |
ribonuclease are collected;

e) carrying out a second filtration step in
which the collected fractions from the first
filtration step are eluted through an ion exchange
resin; and

£) collecting the highly purified dimeric
ribonuclease product resulting from the second
filtration step.

Using the above method, large amounts of
purified ribonuclease dimer product can be
manufactured, and this product will be extremely
useful in treating a variety of viral and bacterial
diseases.

Brief Description of the Drawinds

) Figures 1 and 2 are graphic representations of
elution profiles obtained via ion exchange
chromatography carried out in accordance with the

present invention.

Detailed Description of the Preferred Embodiments

In preparing the dimeric form of ribonuclease
in accordance with the present invention, any
currently available ribonuclease monomers can be
used as the starting materials. In the present

PNAS 72: 2626 (1975).

of a
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16 pocket. During the testing, the standard IV (Merck) protein m xture is
spread on as a reference, covering nolecul ar weights of 12, 300; 30, 000;
45, 000; 66, 200; and 76,000. The coating 5 buf fer used was conprised of
the followng ingredients: 0.72 g tris HCL (0.06 M 0.136 g EDTA (I11) (5
mV) 0.18 g dycerine (10% -

5

invention, the ribonuclease monomers used were
obtained from Serva Feine Biochemica, GmbH,
Heidelberg, and had catalog No. 28260. The
monomers used can be comprised of Ribonuclease A,

5 or any other of the various ribonucleases
available. The ribonuclease monomers are prepared
for the coupling reaction by dissolving the
ribonuclease monomers-in a phosphate buffer at room
temperature in order to prepare a ribonuclease

10 monomer solution. The buffer employed is
preferably an 0.1 M disodium hydrogen phosphate
dihydrate buffer, and the monomer is dissolved by
continuously stirring the solution for at least
about 2 hours. A suitable buffer solution has been

15 prepared by dissolving about 70 grams of disodium
hydrogen phosphate dihydrate in about 1,000 ml H,0.
Although actual amounts of the reagents and
solutions used in the present invention can vary,
the dimerization reaction of the present invention

20 has been carried out using from 40 to about 60
grams of the ribonuclease monomer dissolved'in a
beaker containing about 5 liters of the disodium
hydrogen phosphate dihydrate buffer. It is also
preferred that the monomeric solution be adjusted

25 to have a pH of at least about 9, and most
preferably about 10. The pH adjustment can be made
using 0.1 N NaOH. |

The dimerization reaction is allowed to take
place by adding a suberimidate coupling reageﬁt in

30 proportion to the ribonuclease monomer solution
while maintaining the pH at or above at least about
9, and preferably 10 (+ or - 0.2). It is preferred

mgmmmmemmmmt
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10 5 g SDS, pHset at 7.2 (add 90 M water) 10 mi
bet a- ner capt oet hanol (10% For the gel -el ectrophoresis procedure, an 18%
separating gel is prepared which is overlaid with a 3.9% collecting gel.

The separating gel solution 15 for 18% acryl am de was conpri sed of the
following ingredients: 9 g acrylam de 0.045 g bisacrylamde 0.136 g tris
HCL pH 8.8 (0.325 M 20 0.03 g SDS [err] 10% anmoni um persul fate

solution 20 [err] TEMED
6

that a dimethyl suberimidate coupling reagent be
used in the present invention, but other known
suberimidate coupling reagents can be employed. To
the solution prepared as indicated above, 4-6 grams
5 of dimethyl suberimidate is preferably added to the
monomeric solution, and the coupling reagent will
dissolve within about one minute. With continuous
stirring by means of a magnetic stirrer or other
device, the dimerization reaction is allowed to
10 take place for about 30-60 minutes at room
temperature of about 25°C (+ or - 5°C). The
reaction can be stopped by lowering the pH to 7.0
(+ or - 0.2), and this can be accomplished by the
addition of a 1 M HCl solution. At this point, it
15 . is preferred that the resulting mixture be
concentrated using a tangential flow system, as
will be described in more detail below.
At various points in time following the start
of the coupling reaction, it is helpful to remove
20 test samples from the solution and subject them to
gel-electrophoresis analysis. Gel-electrophoresis
studies have shown that although the monomeric form
of the enzyme was clearly visible in almost every
fraction analyzed, a band corresponding to the
25 dimeric form of ribonuclease is recognizable after
about 10 minutes of reaction time. A band
corresponding to the dimeric form of the enzyme can
be seen clearly after about 15 minutes, and this
band becomes more pronounced as the reaction
30 progresses. Oligomeric forms of the enzyme can
also be observed after about 30 minutes following
the addition of the coupling reagent. The
nonomeric form of ribonuclease has a relative

This is the replacement sheet
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The collecting gel solution for 3.9% acryl ani de was conprised of the
follow ng: 25
HCL pH 6.8 10 ng SDS 100 [err] ammoni um persul fate sol ution 30 10

[err] TEMED

10

15

20

25

30

0.39 g acrylam de 10.4 ng bisacrylamde 0.125 g tris

17 The SDS- pol yacryl am de gel was prepared by

7

molecular weight of 15,000, and the dimeric form
will be double this size.

In order to prepare large amounts of a product
which is primarily a purified ribonuclease dimer,
it is preferred that the dimerized ribonuclease
solution undergo at least two filtration steps in
order to isolate the ribonuclease dimers and remove

_the ribonuclease in monomeric or multimeric form.
The removed undimerized ribonuclease monomers can
thus be collected and are preferably recycled into
the present invention so as to further maximize the
efficiency in the production of the dimeric form of
the enzyme.

In order to separate out the oligomers from
the dimerized ribonuclease solution, it is
preferred that the solution be filtered through an
ion exchange resin. In the preferred embodiment,
the filtration is carried out using a column
prepared with a Sephadex ion exchange material. A
Sephadex column of about 25 cm in diameter and
about 120 cm in height was prepared and rinsed with
a volume of about 60 liters of 50 mM ammonium
hydrogen carbonate at a pH of about 8.6. This
carbonate buffer was prepared by dissolving about 4
grams of ammonium hydrogen carbonate in 1,000 ml of
water. The entire ribonuclease solution obtained
above is then applied to the column and eluted with
an equilibrium buffer. Fractions of the solution
are collected by a fraction collector, such as an
LKB 2211 Suprec, and the flow rate of the solution
is roughly 80 ml per minute. The elution profile
is recorded by a recording device such as an LKB
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“taking two 20 x 20 cm gl ass plates which are thoroughly cleaned and rinsed
W th ethanol, and placing themone atop the other. Two spacing 5 strips
;of 1 mmthickness (length 20 cm- width 1 cm provided the space between
the plates into which the gel was poured. The spacing strips are nounted on
the left and right edges of the glass plates. The bottom edge is seal ed by
a textile 10 adhesive strip, and all three edges are reinforced with
~clanmps. The edges are additionally sealed with a 1% agarose solution. After
har deni ng of the agarose, the separating gel solution prepared above is
filled into the interstices in vertical pos8tion
2210 recorder measuring at a velocity of 0.5
mm/minute, and the absorption can be measured at
280 nm by an LKB 2238 UVICOR SII.
Elution profiles obtained from this filtration
5 step will generally show three peaks: the first
peak represents the multimers of ribonucléase, the
second peak represents the dimers, and the last
peak corrésponds to the remaining amounts of the
monomeric form of the enzyme. At this point it is
10 alsoc advisable to analyze the individual collected
fractions using a gel-electrophoresis analysis.
such an analysis can be carrieq out by the SDs-
polyacrylamide gel-electrophoresis process (or SDS-
PAGE) as described in Thomas et al, PNAS 72:2626
15 (1975). In this electrophoretic study, preferably
appfoximately 50 ul of each fraction collected is
mixed with about 50 ul of a coating buffer and
heated for a period of about 10 minutes at about
95°C. Next, about 25 ml of this mixture is spread
20 into a gel pocket. Finally, the electrophoresis is
carried out for approximately 4 hours at 20-35 mA
in order to separate out the various forms of the
ribonuclease enzymes. The protein bands are made
visible by coloring with a dye such as Coomassie-
25 Blue R250 (Merck). '

Using this SDS-PAGE electrophoresis process,
fractions containing the monomeric, dimeric, or
oligomeric forms of ribonuclease, or mixtures of
these, can be identified and sorted out. After

30 identifying the fraction compositions, those
fractions which are now mostly in the dimeric form
are isolated and collected. The collected dimer
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15 up to approximately 3 cm bel ow the top edge of the glass ptate, "and
with the aid of a Pasteur pipette is overlaid with a |ayer of water. The
gel is polynerized after approximately 30 mnutes. The coating of water is
poured of f, and the edge of the 20 gel is rinsed one time with the
collecting gel solution described above. Next, the collecting gel solution
is filled in up to the edge, and a Tefl on sanple collecting conb is put in
so that the bottom edge of the .sanple 25 pocket |ies approximtely 1 cm
over the front edge of the separating gel layer. Aftéer approxinmately 15
m nutes, "the collecting gel is polynerized and
fractions are preferably further concentrated down
to about 800 ml in a'tangential flow system. The
membrane diaphragm of the tangential flow system
can be rinsed again with a suitable solvent so that
5 a greater amount of the dimer can be retained.
This solution is preferably lyophilized and can be
stored at temperatures of about 4°C until further
- reprocessing steps take place. Ideally, the
lyophilization is carried out by distributing
10 approximately 200 ml portions of the solution in
500 ml round bottom flasks and placed in a liquid
nitrogen atmosphere in a rotation evaporator. The
flasks are sealed shut and stored for 30 minutes at
-30°C, after which the material is lyophilized.
15 Since the starting materials can often be
expensivé, it is pafticularly preferred that the
monomers filtered out in the previous filtration
step can be drawn back again into the dimerization
. process of the present invention.:  This can be _
20 carried out by collecting the fractions identified
as containing a substantial amount of monomeric
ribonuclease, concentrating them using a tangential
flow system, and adding the coupling reagent
identified above. The coupling reaction occurs as
25 indicated above, and the filtration step described
above is preferably carried out as well. After
lyophilization of the recycled ribonuclease, the
newly formed dimers are mixed thoroughly with the
dimerized product obtained from the first
30 dimerization cycle. 1Increases in the yield of the
dimer product of up to 30% can be obtained by means

of these recycling techniques.
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the conb can be rempved. Next, the textile adhesive strip is renoved and

fhe gel is joined in 30 the vertical position to an el ectrophoresis
apparatus. The buffer chanbers are filled with an el ectrophoresis buffer
(6g tris-base, (0.05 M; 18 28.5 g glycine, (0.38 M; 1 g SDS, (0.1%;

and 1,000 nl [err]) and the gel pockets are rinsed once with the aid of a
?gffer spray. The ribonucl ease di mer sanpl es are heated for approximately

10

The primarily dimeric solutions obtained above
are further purified by carrying out a second
filtration step in order to further separate out
the dimers from monomers and oligomers and increase

5 the purity of the final product. 1In this case, it
is preferred that the lyophilized enzyme mixture
obtained above is eluted through an ion exchange
resin such as a Sephadex G 50 F column. It is also
preferred in this step that the ion exchange column

10 be adjusted to have a pH of about 5, and this can
be achieved by the use of an 0.2 M sodium acetate
buffer. The sodium acetate buffer of pH 5 has been
prepared using about 27 g of sodium acetate
trihydrate dissolved in 1,000 ml of water.

15 The collected fractions corresponding to the
second peak, as determined through the measurements
of the first filtration step, are applied to the
Sephadex column. The conditions and materials
described in the first filtration step are

20 preferably employed again when the fractions
undergo the second filtration step. Again, an
elution profile is'fecorded and used in the
jidentification and isolation of the desired
fractions collected following the second filtration

25 step. In this case, the elution profile shows a
very large dimer-containing main peak and only two
weak secondary peaks.

It is again preferred that an SDS—-PAGE
analysis of the ribonuclease enzymes taken from the

30 collected fractions be carried out as indicated
above. These studies indicate that the fractions
corresponding to the main peak of the elution

sheet
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5, mnutes in the buffer coating at [err] and filled into a container or
area in the testing sanple pocket corresponding the gel pocket. The
el ectrophoresis was carried out at about 20 mA for about 4 hours. If

overni ght 10

el ectrophoresis is desired however, this could be carried

out at a reduced charge of about 6-8 mA. The noving front is nmade visible
by interm xing of 0.02% bronophenol -blue into the coating buffer. The

el ectrophoresis was term nated when the noving 15 front of the process
reached the bottom edge of the gel. The separating gel is cut out, dyed for
approximately 30 mnutes in a fixing solutipn and

10

15

20

25

30

profile contain highly purified ribonuclease dimer
product. At this point, the fractions of the main
peak are collected and preferably are concentrated
by means of a tangential flow system. It is also
preferred at this point that a desalination process
be carried out by passing the fractions over a
Sephadex_GZS,columh. A column of about 25 cm in
diameter and 65 cm in height with a base volume of
32 liters was operated at a flow rate of 15 liters
per hour in order to carry out the desalination
process. Additionally, a 50 mM ammonium hydrogen
carbonate buffer was used.

The product at this point will consist of a
highly purified ribonuclease dimer composition.
However, in order to make lyophilized ribonuclease
dimer into a pharmaceutically useful form, it is .
recommended that the dimers undergo a procedure
wherein endotoxins can be removed. It is thus
preferred that the purified dimer product obtained
above be further eluted through a chromatographic
means such as Detoxigel which has a high binding
capacity for endotoxins. Detoxigel has an
approximate binding capacity for endotoxins of
about 2 mg/ml. Since non-specific binding with
other components such as the protein dimers, is
possible, maximum reclamation of the dimeric
material can be obtained by the use of buffers in
the physiological pH range. The addition of 0.1-
0.5 M salt solution  (e.g., NaCl) provides the
necessary pH range in order to_obtain a maximum
dimer yield. Typically; a solution containing
1,500 E.U./ml when chrométographed on a
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i s then bl eached again for 2 hours in a bleaching solution of 400 ml ~*
net hanol , 140 m acetic acid, 20 and 2,000 ml [err]. The fixing
sol ution was prepared by conbining 500 mM of the bleach solution with 12 mni
of a dye solution conprising 1 g Coonassi e-blue (R250, Merck), 50 ml [err],
and 50 ml nethanol. The protein bands were then nmade visible by coloring
25 with the dye solution as indicated above. The traces nade using the
SDS- PAGE t echni que indicated a gradual increase in the amount of dinerized
ri bonucl ease in the sanples which ultimately included fractions contai ning
multinmers as well. 30 All of the f¥&actions, which were mainly in
detoxification column can be reduced to less than
1.0 E.U./ml.
After freeing the ribonuclease dimer solution
of endotoxins, the solution is collected, sterile-
5 filtered, and passed for lyophilization in a
sterile round-bottom flask. The endotoxin content
of the final preparation can be determined with a
diagnostic kit such as "Coatest (R)" of the Kabi-
Vitrum firm of Munich. This test is based on the
10 activation of Limulus-Amoebocyten-Lysat (LAL) by
the endotoxins. The activated LAL separates the
yellow dye p-nitroanilin from a chromogenic
substrate (5-2423), of which the extinction is
measured as the determinant of the endotoxin
.15 content at 405 nm using a spectral photometer. If
the endotoxin content is below 0.1 ng/mg, then the
dimeric solution is placed in the round-bottom
flasks and lyophilized. ' '
The above érocess can be repeated as often as
20 possible until the desired amount of final
ribonuclease dimer product is obtained. = Individual
dimer batches after purification can be sterilized
or further lyophilized as needed, and homogenous
charges of ribonuclease dimer will be obtained
25 which can be highly useful in the treatment of many
viral and bacterial diseases, such as disclosed in
co-pending application PCT/US88/01785. 1In addition
to antiviral and antibacterial effects, other
therapeutic benefits from ribonuclease dimers, such
30 as use as an anti-inflammatory or anti-histaminic
agent, can also be obtained without the potential
cytotoxicity associated with the monomeric form of
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dimeric form were collected and concentrated to 800 ml in a tangenti al
flow system (M1 1ipore). 19 The nenbrane di aphragmwas rinsed again with
400 M of the perneate so that a total volune of 1,200 m of solution with
the diners remains |eftover. Next, this solution was |yophilized and stored
at 5 [err] until -the next step. The lyophilization was carried out by
distributing the solution in approximately 200 m portions into 500 n
round- :

13

the enzyme. The present method is particularly
useful in that large amounts of the purified
beneficial ribonuclease dimer product can be
efficiently produced. The particular ribonuclease

5 dimer products obtained using the method of the
present invention can be tested for its enzyme
activity on ribonucleic acid solutions and
monitored using a spectral photometer after the -
ribonuclease dimer is applied. Use of the present

10 method thus allows for the preparation of a highly
purified dimeric enzyme and a test of its activity
as well.

The following ekamples are presented as
illustrative of the present invention and are not
15 intended to limit its scope in any way:

Example 1: Preparation of Ribonuclease Dimer

50 grams of ribonuclease monomer were
dissolved in a covered beaker containing 5 liters
of 0.1 M disodium hydrogen phosphate dihydrate and

20 adjusted to pH 10.0 with 0.1 N NaC- The disodium
hydrogen phosphate dihydrate buffer was prepared by
dissolving 70.98 g disodium hydrcgen phosphate
dihydrate in 1,000 ml of water. Next, 5 grams of
theicoupling reagent dimethyl suberimidate (Sigma

25 Batch No. 29,3687) were added at 25°C (room
temperature); and the dimethyl suberimidate
dissolved within 1 minute. The pH level of the
solution was controlled and adjusted continuously
to pH 10 using 0.1 N NaOH. Using a magnetic .

30 stirrer, the solution was continuously stirred and
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potton1flésks. The flasks were then placed in liquid nitrogen and frozen
I'nto a rotation 10 evapor at or (Hei dol ph W60). The flasks were then
seal ed shut and stored for 30 mnutes at [err]. Finally, this material was
I yophi | i zed using standard operating procedures. Before the next step of
t he process, nononeric 15 ri bonucl ease filtered out fromthe first
filtration step were collected and recycled into the dinerization process.
In this case, the fractions fromthe filtration step which were primrily
ri bonucl ease in nononeric formwere collected and 20 concentrated to 4
liters using the above-identified 14 "
allowed to react for 45 minutes at about 25°C. The
reaction was stopped as the pH was lowered to about
7.0 using 1 M HCl. | '
At various points in time following the start
5 of the coupling feaction, test samples were removed
and were analyzed through gel-electrophoresis. -
Monomers, dimers, and multimers of the ribonuclease.
were separated out in the SDS gel. The monomeric
form of ribonuclease used had a relative molecular
10 weight of 15,000, and the dimeric. form was of about
double this size. The electrophoretic studies
revealed that a dimeric band was seen to form
clearly after 15 minutes following the addition of .
the coupling reagent, and this band became bolder
15  as the reaction progressed. Additionally,
oligomeric forms of ribonuclease were generated
after 30 minutes.
The dimerized ribonuclease solution was
concentrated to 800 ml in a tangential flow system
20 (Millipore). The Millipore system included a
Filtron Ausschluss 10,0004 filter, an olefin
membrane of 7 bar'tear—resistance, and a Verder 80W
T&pe 20-30 #60079 pump. The input pressure was 2
bar and the output pressure was at minimum lower
25 than 0.2. The working capacity was approximately 1
liter per hour. The apparatus has a dead volume of
400 ml so that upon termination of the
concentrating process, the apparatus is rinsed with
400 ml which leads to a final volume of 1,200 ml.
30 The concentrated ribonuclease solution is then
subject to a filtration process using Sephadex G 50
F (Pharmacia) in order to separate out the various
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tangential flow system Next, the nonomeric fractions were dinerized using
the coupling reagent as indicated above. Follow ng the coupling step using
the recycl ed nononers, a filtration process 25 was carried out as

i ndi cat ed above, and the recycl ed nononers were now obtained in dineric
form The |yophilisates obtained fromthe first dinerization process are
conbined with the dineric |yophilisates obtained fromrecycling the
nmononers. 30 The conbi ned | yophilized ribonucl ease m xture obtai ned
fromthe above steps is nom1chronatograph%gsagain over Sephadex GBOF in

or der ' :

oligomers formed during the dimerization process.
For this filtration, a column of 25.2 cm diameter
and 120 cm height was rinsed with a volume of 60
liters of 50 mM ammonium hydrogen carbonate at pH

5 8.6. The 50 mM ammonium hydrogen carbonate buffer
was prepared by dissolving 3.95 g ammonium hydrogen
carbonate in 1,000 ml of water. ©Next, the entire
protein solution of 1,200 ml was coated onto the
gel bed and eluted with the equilibrium buffer.

10 Fractions of approximately 1,000 ml were collected
by a fraction collector (LKB 2211 Suprec) for
approximately 15 minutes, correspondipg to a flow
rate of 80 ml/minute. The elution profile was
recorded by an LKB 2210 recorder at a velocity of

15 0.5 mm/minute and the absorption was measured at
280 nm by LKB 2238 UVICOR SII. The elution profile
as observed in Figure 1 shows three peaks, the
first of which represents the multimers of
ribonuclease, the second indicates the dimers, and

20 the last peak corresponds to the monomeric forms of
the enzyme. In Figure 1, the thick line indicates
the absorption profile of the ribonuclease
solutions with more sensitive detection than in the
‘lower thin line of the graph.

25 The ribonuclease mixture in the individual
fractions was then analyzed by the SDS-
polyacrylamide~gel-electrophoresis (SDS-PAGE)
procedure in accordance with Thomas et al, PNAS
72:2626 (1975). In this procedure, 50 ul of each

30 fraction is mixed with 50 ul of a coating buffer
and the mixture is heated for 10 minutes at 95°cC.
Next, 25 ul of this mixture is spread in a gel
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20 to obtain inproved separation of the diners fromthe nmononmers and the

ol i goners. The chromato- graphic procedure was carried out using a Sephadex
G-50 F (Pharmacia) colum in 0.2 M sodium acetate 5 buffer at pH 5. The
0.2 M sodium acetate buffer was prepared by dissolving 27.22 g sodi um
acetate trihydrate in 1,000 mM of water. The chronmatog- raphy was carried
out under conditions and using the apparatus as identified above in the
first 10 filtration step.

16

pocket. During the testing, the standard IV
(Merck) protein mixture is spread on as a
reference, covering molecular weights of 12, 300;
© 30,000; 45,000; 66,200; and 76,000. The coating
5 buffer used was comprised of the following
ingredients:
0.72 g tris HCL (0.06 M_)
0.136 g EDTA (III) (5 mM)
0.18 g Glycerine (10%) .
10 5 g SDS, pH set at 7.2 (add 90 ml water)
| 10 ml beta-mercaptoethanol (10%) “

For the gel-electrophoresis procedure, an 18%
separating gel is prepared which is overlaid with a
3.9% collecting gel. The separating gel solution
15  for 18% acrylamide was comprised of the following
ingredientsé
9 g acrylamide.
0.045 g bisacrylamide
0.136 g tris HCL pH 8.8 (0.325 M)
20 0.03 g SDS
200 pul 10% ammonium persulfate solution
20 pl TEMED

The collecting gelxsolution for 3.9%
acrylamide was comprised of the following:
25 0.39 g acrylamide
10.4 mg bisacrylamide
0.125 m tris HCL pH 6.8

10 mg SDS
100 ul 10% ammonium persulfate solution
30 10 jul TEMED
__Th laced
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In this case, an elution profile was again obtained, and this can be
observed in Figure 2. In this figure, the thick I|ne represents the
absorption profile of the ribonucl ease sol utions 15 obt ai ned usi ng nore
sensitive detection than in the profile indicated by the thin |ine. The

m ddl e of the nore sensitive elution profile shows a | arge di ner-containing
mai n peak, and only two weak secondary peaks. An SDS- PAGE anal ysis of the

20 enzynmes taken fromthe peak fractions shows a greater accunul ati on of
the diners in the main peak as conpared with the elution profile of the
first filtration step. 17

The SDS-polyacrylamide gel was prepared by
taking two 20 x 20 cm glass plates which are
thoroughly cleaned and rinsed with ethanol, and
placing them one atop the other. Two spacing

5 strips of 1 mm thickness (length 20.cm, breadth 1
cm) provided the space between the plates into
which the gel was poured. The spacing strips are
mounted on the left and right edges of the glass
plates. The bottom edge is sealed by a textile

10 adhesive strip, and all three edges are reinforced
with clamps. The edges are additionally sealed
with a 1% agarose solution. After hardening of the
agarose, the separating gel solution prepared above
is filled into the interstices in vertical position

15 up to approximétely 3 cm below the top edge of the
glass plate, and with the aid of a Pasteur pipette
is overlaid with a layer of water. The gel is
polymerized after approximately 30 minutes. The
coating of water is poured off, and the edge of the

20 gel is rinsed one time with the collecting gel
solution described above. :

' Next, the collecting gel solution is filled in
up to the edge, and a Teflon sample collecting comb
is put in so that the bottom edge of the sample

25 pocket lies approximately 1 cm over the front edge
of the separating gel layer. After approximately
15 minutes, the collecting gel is polymerized, and
the comb can be removed. Next, the textile
adhesive strip is removed and the gel is joined in

30 the vertical position to an electrophoresis
apparatus. The buffer chambers are filled with an
electrophoresis buffer (6g tris-base, (0.05 M):
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The fractions of the main peak were collected 25 and concentrated by
neans of the tangential flow system described above. For desalination,
these collected fractions were passed over a Sephadex &5 col um. The
colum had a dianeter of 25.2 cm a height of 65 cm a base volune of 32
liters, and 30 was operated at a flowrate of 15 liters/hour. Al of
the ribonucl ease solutions fromthe main peak of the second elution profile
up to a maxi mum of 5 21

18

28.5 g glycine, (0.38 M); 1 g SDS, (0.1%):; and
1,000 ml H,0) and the gel pockets are rinsed once
with the aid of a buffer spray. The ribonuclease
dimer samples are heated for approximately 10
5 “minutes in the buffer coating at 95°C and filled
into a container or area in the testing sample
pockét corresponding the gel pocket.
The electrophoresis was carried out at about
20 mA for about 4 hours. If overnight
10 electrophoresis is desired however, this could be
carried out at a reduced charge of about 6-8 mA.
The moving front is made visible by intermixing of
0.02% brombphenol-blpe into the coating buffer.
The electrophoresis was terminated when the moving
.15 front of the process reached the bottom edge of the
gel. The separating gel is cut out, dyed for
approximately 30 minutes in a fixing solution and
is then bleached again for 2 hours in a bleaching
solution of 400 ml methanol, 140 ml acetic acid,
20 and 2,000 ml H,0. The fixing solution was prepared
by combining 500 ml of the bleach solution with 12
nl of a dye solution comprising 1 g Coomassie-blue
(R250, Merck), 50 ml H,0, and 50 ml methanol. The
protein bands were then made visible by coloring
25 with the dye solution as indicated above. The
traces made using the SDS-PAGE technique indicated
a gradual increase in the amount of dimerized
ribonuclease. in the samples which ultimately
included fractions containing multimers as well.
30 All of the fractions, which were mainly in
dimeric form, were collected and concentrated to
800 ml in a tangential flow system (Millipore).
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liters were coated onto the Sephadex colum. The desalination was carried
out using the 50 nM amoni um hydrogen carbonate buffer. The desalination
cycle lasted for 90 m nutes at which 5 point 5 liters had been coll ected.
The remai nder of the cycle was discarded. An elution profile was recorded
and the single peak was collected in a 5 liter Schott flask. Traces of the
sanple of the purified final product were plotted under reduction 10
conditions with beta-nercaptoethanol, and in non- reduced form The

SDS- PACGE studies of the final purified product indicated that only the
dimeric formof ribonuclease was present. 19 '

The membrane diaphragm was rinsed again with 400 ml
of the permeate so that a total volume of 1,200 ml
of solution with the dimers remains leftover.
Next, this solution was lyophilized and stored at
5 4°C until the next step. The lyophilization was
carried out by distributing the solution in
approximately 200 ml portions into 500 ml round-
bottom flasks. The flasks were then placed in
liquid nitrogen and frozen into a rotation
10 evaporator (Heidolph VV60). The flasks were then
sealed shut and stored for 30 minutes at -30°C.
Finally, this material was lyophilized using
standard operating procedures.
Before the next step of the process, monomeric
15 ribonuclease filtered out from the first filtration
. step were collected and recycled into the
dimerization process. In this case, the fractions
from the filtration step which were primarily
ribonuclease in monomeric form were collected and
20 concentrated to 4 liters using the above-identified
tangential flow system. Next, the monomeric
fractions were dimerized using the coupling reacent
as indicated above. Following the coupling step
using the recycled monomers, a filtration process
25 was carried out as indicated above, and the
recycled monomers were now obtained in dimeric
form. The lyophilisates obtained from the first
dimerization process are combined with the dimeric
lyophilisates obtained from recycling the monomers.
30 The combined lyophilized ribonuclease mixture
obtained from the above steps is now
chromatographed again over Sephadex G50F in order
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In order to place the |Iyophilized protein into 15 a pharmaceutically
useful form it was necessary to free the ribonucl ease diners of '
endot oxi ns. For this purpose, the purified diners were chromat ographed
using a Detoxigel colum. To obtain a maxi numreclamation of the desired 20
ri bonucl ease dimer material, it was necessary to use buffers in the
physi ol ogi cal pH range. This was acconplished through the addition of salt
sol utions. The enzyne solutions were coated onto the Detoxigel columm, and
endot oxi ns in an amunt 25 of up to 1,500 E.U./mM were renoved. Before
and after each cycle, the Detoxigel was regenerated
to obtain improved separation of the dimers from
the monomers and the oligomers. The chromato-
graphic procedure was carried out using a Sephadex
G 50 F (Pharmacia) column in 0.2 M sodium acetate
5 buffer at pH 5. The 0.2 M sodium acetate buffer
was prepared by dissolving 27.22 g sodium acetate
trihydrate in 1,000 ml of water. The chromatog-
raphy was carried out under conditions and using
the apparatus as identified above in the first
10 filtration step.
' In this case, an elution profile was again
obtained, and this can be observed in Figure 2. 1In
this figure, the thick line represents the
absorption profile of the ribonuclease solutions
15 obtained using more sensitive detection than in the
profile indicated by the thin line. The middle of
the more sensitive elution profile shows a large
dimer-containing main peak, and only two weak
secondary peaks. An SDS~-PAGE analysis of the
20 enzymes taken from the peak fractions shows a
grgaﬁer accunulation of the dimers in the main peak
as compared with the elution profile of the first
filtration step.
The fractions of the main peak were collected
25 and concentrated by means of the tangential flow
system described above. For desalination, these
collected fractions were passed over a Sephadex G25
column. The column had a diameter of 25.2 cm, a
height of 65 cm, a base volume of 32 liters, and
30 was operated at a flow rate of 15 liters/hour. All
of the’ ribonuclease solutions from the main peak of
the second elution profile up to a maximum of S
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with 1% desoxychol ate, followed by a thorough rinsing with water until the
endot oxi ns could no |onger be detected in the rinse. The columm vol une 30
was 750 m (dianeter 9.5 cm height 14 cm), and the colum was equili brated
with 0.1 M amoni um bi carbonate. The endot oxin-free buffer was m xed 22
with sterile water. A ribonuclease diner solution in a volune of 2 liters
was coated onto the gel bed and was left to soak into the gel. The protein
was

21

liters were coated onto the Sephadex column. The
desalination was carried out using the 50 mM
ammonium hydrogen carbonate buffer. The
.desalination cycle lasted for 90 minutes at which
5 point 5 liters had been collected. . The remainder
of the cycle was discarded. An elution profile was
recorded and the single peak was collected in a 5
liter Schott flask. Traces of the sample of the
purified final product were plotted under reduction
10 conditions with beta-mercaptoethanol, and in non-
reduced form. The SDS-PAGE studies of the final
purified product indicated that only the dimeric
form of ribonuclease was present.
In order to place the lyophilized protein into-
15 a pharmaceutically useful form, it was necessary to
free the ribonuclease dimers of endotoxins. For
this purpose, the purified dimers were
chromatographed using a Detoxigel column. To
obtain a maximum reclamation of the desired
20 ribonuclease dimer material, it was necessary to
use buffers in the physiological pPH range. This
was éccomplished through the addition of salt
solutions. The enzyme solutions were coated onto
the Detoxigel column, and endotoxins in an amount
25 of up to 1,500 E.U./ml were removed. Before and
after each cycle, the Detoxigel was regenerated
with 1% desoxycholate, followed by a thorough
rinsing with water until the endotoxins could no
longer be detected in the rinse. The column volume
30 was 750 ml (diameter 9.5 cm, height 14 cm), and the
' column was equilibrated with 0.1 M ammonium
bicarbonate. The endotoxin-free buffer was mixed
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then eluted with the equilibrating buffer and was 5 collected in a
sterile beaker. The solution was then passed for |yophilization into a
.sterile round-bottom flask. The endotoxin content of the preparation was
determned wth a diagnostic kit called "Coatest 10 (R " of the
Kabi -Vitrumfirmof Minich. This test is based on the activation of
Li mul us- Anbebocyten- Lysat (LAL) by the endotoxins. The activated LAL
separates the yellow dye p-nitroanilin froma chronogeni c substate
(S-2423), and the reduction in 15 color is measured as a determ nant of
the endotoxin content at 405 nm by a spect 2l photoneter. The
with sterile water. A ribonucleate soclution in a
volume of 2 liters was coated onto the gel bed and
was left to soak into the gel. The protein was
then eluted with the equilibrating buffer and was
5 collected in a sterile beaker. The solution was
then passed for lyophilization into a sterile
round-bottom flask.
The endotoxin content of the preparation was
determined with a diagnostic kit called "Coatest
10 (R)" of the Kabi-Vitrum firm of Munich. This test
is based on the activation of Limulus-Amoebocyten-
Lysat (LAL) by the endotoxins. The activated LAL
separates the yellow dye p-nitroanilin from a
chromogenic substate (S-2423), and the reduction in
15 color is measured as a determinant of the endotoxin
content at 405 nm by a spectral photometer. The
purified ribonuclease dimeric products having below
0.1 ng/mg were passed on to round-bottom flasks and
then lyophilized. The resulting product was a
20 lyophilized highly purified ribonuclease dimer
solution which could be stored until needed for

further use.

Example 2: Enzyme Activity Test

The enzyme activity of the dimeric
25 ribonuclease prepared in the present invention can
be tested using an activity test such as described
in Kunitz, J. Gen. Physiol. 24:15 (1940). This
test is based on the fact that as a result of the
influence of ribonuclease on ribonucleic acid, its
30 absorption spectrum is shifted in the UV range
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purified ribonucl ease dineric products having bel ow 0.1 ng/ng were passed
on to round-bottom flasks and then |yophilized. The resulting. product was a

20 | yophi lized highly purified ribonuclease dinmer solution which could
be stored until needed for further use. Exanple 2: Enzyme Activity Test The
enzynme activity of the dineric 25 ri bonucl ease prepared in the present

I nvention can be tested using an activity test such as described in Kunitz,
J. Gen. Physiol. 24:15 (1940). This test is based on the fact that as a
result of the influence of ribonuclease og;ﬂ bonucl eic acid, its

toward shorter wavelengths. In a range of 290-30S

nm, the concentration of nucleic acid decreases as

a result of digestion with ribonuclease. 1In the

initial phase of the :eaction, this decrease runs

5 linearly and can be used as a measure for the

enzyme activity. In this test, the decrease in the

amount of nucleic acid is measured at 300 nm.

The test was carried out at a constant
temperature of 25°C, and a temperable cuvette was

10 used so that all the solutions could be.treated
before use for 5 minutes at 25°C. Measurements
were taken at 300 nm using a spectral photometer.
A reaction - lume was 3 ml and the reaction is
carried out -a a 3 ml cuvette which includes a

15 layer'thickness of 1 cm.

A reaction mixture was prepared using 1.5 ml
of a ribonucleic acid solution, 0.05-0.5 ml of the
test samples including the ribonuclease fractions,
.and water added in an amount up to 10 ml. The

20 ribonucleic acid solution was prepared using 80 mg
of ribonucleic acid and sodium salt (Boehringer)
dissolved in a 50 ml acetate buffer. The acetate
buffer was an 0.1 M acetate buffer at pH 5 prepared
by mixing 0.57 ml glacial acetic acid with

25 approximately 80 ml of distilled water, adjusted to
pPH 5 with 1 N NaOH, and filled up to 100 ml with
‘distilled water followed by sterie filtering. The
test sample solutions including the ribonuclease
dimers were prepared from 5 mg of the ribonuclease

30 dimer sample dissolved in 5 ml of distilled water,
diluted so that the measured value was within the

favorable range.
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30 absorption spectrumis shifted in the UV range 23 toward shorter
wavel engths. In a range of 290-305 nm the concentration of nucleic acid
decreases as a result of digestion with ribonuclease. In the initial phase
of the reaction, this decrease runs 5 linearly and can be used as a
nmeasure for the enzynme activity. In this test, the decrease in the anmount
of nucleic acid is neasured at 300 nm The test was carrled out at a

const ant

24

The ribonucleic acid and test sample solutions
were mixed in a cuvette and the reduction of
nucleic acid was tracked for approximately 20
minutes using the spectral photometer gpecﬁronic

5 1001 (Bausch & Lomb). The absorption profile was
recorded, and the linear range was observed for
about 8 minutes. The reactions were continued at
25°C until the reaction completion, which occurred
after approximately 3 hours. The solutions were

10 then measured again for determination of a final
value and measurements were repeated twice to get
an average value therefron.

For calculation of the enzyme activity, the
extinction of the nucleic acid must be determined

15 ‘at the start of the reaction (E)), and the final
extinction (E,) of the reaction at A E/minute of .
the linear initial range. The dilution of the
ribonuclease dimer test sample must be selected so
that A E/minute is not greater than 0.007. A blank

20 value is set from a reaction batch made with
ribonuclease and water, which must be subtracted
from the measured values. An enzyme unit is
défined as the quantity of enzyme under which the
test conditions cause a drop of 100% per minute of

25 the value of E-E, for the substrate at 25% C. The
greatest possible value for the extinction observed
at 300 nm is E-E,. The calculation of the
specific activity of the enzyme was as follows:

(3 x 4 E/min) Dilution factor
30 (E, - E,) x volume (ml) of sample solution .

———
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tenperature of [err], and a tenperable cuvette was 10 used so that al
the solutions could be treated before use for 5 mnutes at [err].
Measurenents were taken at 300 nmusing a spectral photonmeter. A reaction
lume was 3 ml and the reaction is carried out in a 3 m cuvette which

i ncludes a 15 | ayer thickness of 1 cm A reaction mxture was prepared
using 1.5 m of a ribonucleic acid solution, 0.05-0.5 m of the test
sanpl es including the ribonucl ease fractions, and water added in an anount
up to 10 m . The 20 ri bonucl eic acid solution was prepared using 80 ng
of ribonucleic acid and sodium salt (Boehrggger).

The dimeric ribonuclease enzymes of the
present invention showed significant amounts of
enzyme activity. '
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dissolved in a 50 nml acetate buffer. The acetate buffer was an 0.1 M
acetate buffer at pH 5 prepared by mxing 0.57 ml glacial acetic acid with
25 approximately.. .80 m of distilled water, adjusted to pH5 with 1 N
NaOH, and f up to 100 with distilled water followed by sterile .
filtering. m '”WWI ol utions including the ribonucl ease diners were
prepared fr Ejﬁbonuclease 30 di mer sanple dissolved in 5 n
of distilled water, 8ilut

favor abl e range.

so that the nmeasured value was within the

26

What TIs Claimed Is: |
1. A method of preparing a purified
ribonuclease dimer product comprising the steps of:

a) preparing a ribonuclease solution by
adding monomeric ribonuclease to a buffer solution

5 adjusted to a pH of at least about 9;

b) adding a suberimidate coupling
reagent to dimerize the ribonuclease monomers in
the ribonuclease solution while maintainihg the pH
at at least about 9;

10 c) stopping the dimerization reaction
at a given point by lowering the pH to about 7;

d) filtering the dimerized ribonuclease
solution by carrying out a first filtration step in
which the solution is eluted through an ion

15 exchange resin, and fractions substantially
éomprised_of the dimeric form of the ribonuclease
are collected; '

'e) carrying out a second filtration
step in which the collected fractions from the

20 first filtration step are eluted through an ion
exchange resin; and '

, £) collecting the highly purified
dimeric ribonuclease product resulting from the
second filtration step.
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24 The ribonucleic acid and test sanple solutions were mixed in a cuvette
and the reduction of nucleicracid was tracked for approximately 20 m nutes

usi ng the sﬂ'm,wm r spectronic 5 1001 (Bausch & Lomb). The
absorption p# Imﬂmamd_ed, and the |inear range was observed for
about 8 minutest The®reac ns were continued at [err] until the reaction
conpl eti on, which occurred after approximately 3 hours. The solutions were
10 t hen measured again for determ nation of a final val ue and

measurenents were repeated twi ce to get
27

2. A method according to Claim 1 wherein the
monomeric ribonuclease solution is adjusted to a pH
of about 10.

3. A method according to Claim 2 wherein the
monomeric ribonuclease solution is adjusted to pH
10 by adding NaOH.

4. A method according to Claim 1 wherein the
buffer used in the monomeric ribonuclease solution
is comprised of a disodium hydrogen phosphate
dihydrate buffer. ' '

5. A method according to Claim 1 wherein the
coupling reagent is added to the monomeric
ribonuclease solution while the solution is
maintained at a pH of about 10.

6. A method according to Claim 1 wherein the
suberimidate coupling reagent comprises dimethyl
suberimidate. _ .

7. A method according to Claim 1 wherein'the
dimerization steps are carried out at roonm
temperatufé.

8. A method according to Claim 1 wherein the
dimerization steps are carried out while

continuously stirring the solution.
9. A method according to Claim 1 wherein the

dimerization reaction is stopped by addition of

HCl.
10. A method according to Claim 1 wherein the

dimerized ribonuclease solution is concentrated
before the filtering steps using a tangential flow
system. .
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an average val ue-t heref rom--For cal cul ation of the enzynme activity, the
extinction of the numﬁﬁ“ﬁl d nust be determ ned 15 at the start of the

reaction [ “mnﬂl‘m“ extinction [err] of the reaction at [err]
E/ m nute of

range. The dilution of the ribonuclease
di mer test sanp e ust be selected so that [err] is not greater than 0.007.
A bl ank 20 value is set froma reaction batch nade with ribonucl ease and
wat er, which nust be subtracted fromthe neasured val ues. An enzyne unit is
defined as the quantity of enzyme under which the test conditions cause a
drop of 100% per m nute of 28
| 11. A method accqrding to Claim 1 wherein the

first filtration step is carried out using a

Sephadex ion exchange resin.

12. A method according to Claim 1 wherein the
ribonuclease monomer solution comprises 40-~60 g of
ribonuclease monomer and 4-6 1 of buffer, and
wherein the coupling reagent is added in an amount

5 of from about 4-6 g.

13. A method according to Claim 1 wherein the
fractions collected after the first filtration step
are analyzed by gel electrophoresis.

14. A method according to Claim 1 wherein the
fractions-collected following the first filtration
step are lyophilized.

15. A method according to Claim 1 wherein
fractions collected after the first filtration step
which are primarily monomeric ribonuclease are
recycled in the dimerization process.

16. A method according to Claim 1 wherein the
second filtration step is carried out using a
Sephadex ion exchangé resin.

-17. A method according to Claim 1 wherein the
second filtration step is carried out at a pH of
about 5.

18. A method according to Claim 17 wherein
the pH of the second filtration step is obtained
usxng a sodium acetate buffer.

19. A method according to Claim 1 wherein
fractions collected during the second filtration
step are analyzed by gel electrophoresis.
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25 théWVéfue‘Uf E-E, for.the substrate at [err]. The greatest possible

val ue for mﬂm'on observed at 300 nmis [err]. The cal cul ati on of

t he speC|f e enzyme was as follows: (3 x [err] E/ mn)
Dilution factor [err] x volunme (m) of sanple solution 25
The dineric rlbonuclease enzynes of the present invention showed
significant anobunts of enzyne activity.

29

20. A method according to Claim 1 wherein a
desalination step is carried out after the second
filtration step. ‘

21. A method according to Claim 20 whereln

° the desallnatlon step is carried out using a
Sephadex G25 column.

22. A method according to Claim 1 further
comprising the step of removing endotoxins from the
purified ribonuclease dimer product.

~ 23. A method according to Claim 22 wherein
the endotoxins are removed using a Detoxigel

column.

This is the replacement gheet THIS SHEET HAS BEEN |

006 REPLACED
28 AUG 139 ——

Date:



26 CLAINB 1. A nethod of preparing a purified ribonuclease diner product
wherein a ribonucl ease solution is prepared by addi ng.. nononeric -----
ri bonucl ease to a buffer solution, a suberimdate couplln reaﬂﬁnt “s adde

to dinerize the ribonucl ease nononers in the ri bonuﬂlﬂm t‘“ and the
di meri zed ribonucl ease solution is separated fromc I|qU|d
chromat o- graphy, characterized in thaﬂﬁ- t he buffer sofutlon I s adj usted

to a pH of agmbRA&A claims

REVISED CLAIMS

1. A method of preparing a purified ribonuclease dimer
product comprising the steps of:

a) preparing a ribonuclease solution by adding
monomeric ribonuclease to a buffer solution adjuated to a pH of
at leasat about 9;

b) adding a suberimidate coupling reagént to dimerize
the ribonuclease monomers in the ribonuclease solution whila
maintaining the pH at at least about 9; |

c} stopping the dimerization reaction at a given point
by lowering the pH to about 7;

@) filtering the dimerized ribonuclease solution by
carrying out a first filtration step in which the solution is
eluted through a cation ion exchange resin, and fractions
substantially comprised of the dimeric form of the ribonuclease
are collected;

e) carrying out a second filtration step in which the
collected fractions from the first filtration step are eluted
through a cation ion exchange resin; and

" £) collecting the highly purified dimeric ribonuclease
product resulting from the second filtration step.

2. A method according to claim 1 wherein the monomeric
ribonuclease solution-is adjusted to a pH of about 10.

3. a.nétﬁod:acco:ding to claim 2 Ghnrein the monoﬁeric
ribénuclease solution is adjnstéd to pH 10 by adding NaOH.

4. A method accordinq to clainfi vwherein the buffer
used in the monomeric ribenuclease solution is comprised of a
disodium hydrogen phosphate dihydrate buffer.

5. A method according to claim 1 wherein the couplng
reagent is added to the monomeric ribonuclease solution while the
solution is maintained at a pH of about 10.

o o This is the replacement sheet

This Sheet Has Been Replaced
‘ﬁ ‘Date: ZEBAMG 3%

THIS SHEET HAS BEEN
ﬁsnLAcED




9; - the pHis maintained at at |east 9 duringdinerization; - the

di merization reaction is stopped at a given point by |owering the pHto
about 7; and - at |east one additional separation step is carried-out by
l'i quid chromat ography 2. A nethod according to claim1 wherein th

mononeri c ribonucl ease solution is adjusted to a pH of r‘ﬂ“ﬁi ﬁmmm
met hod according to claim2 wherein the nmononeric ribo 4 I S
adjusted to pH 10 by adding NaOH. 4. AR%ethod according to claim 1 wherein
the buffer used in the nononeric ribonucl ease solution is conprised of a
di sodi um hydr ogen phosphat e dehydrate buffer.
' 6. A method according to claim 1 wherein the .
suerimidate coupling reagent comprisas dimethyl suberimidate.

7. A method according to claim 1 wherein the
dimerization steps are carried out at room temperature.

8. A method according to claim 1 wherein the
dimerization steps are carried out while continuocusly stirring
the solution. '

9. A method according to claim 1 wherein the
dimerization reaction is stopped by addition of HCL.

10. A method according to claim 1 wherein the
dimerized ribonuclease solution is concentrated before the
filtering steps using a tangential flow systen.

11. A method according to claim 1 wherein the first
filtration step is carried out using a cross~linked dextran ion
exchange resin. '

12. A method according ta claim 1 vherein the
ribonuclease monomer solution comprises 40-60 g of ribonuclease
monmer and.4-6 1 of buffer, and wherein the coupling reagent is

- added in am amount: of from about 4-6 g.

13...4 method according to claim 1 wherein the |
fractions collected after the first filtration step are analyzed
by gel electrophoresis.

14. A method according to claim 1 wherein the
fractions colelcted following the first filtration step are

lyophilized.
This Sheet Has Been Replaced | |
Tt R re—
THIS SHEET HAS BEEN | -

- Date: 2 3 A“B m REPLACED




5. A method according to claim1 wherein the coupling reagent is added to
t he mononeric ribonucl ease solution while the solution is maintained at a

pH of about 10. REPLACEMENT SHEET 27 6. A nethod ac
wherein the suberimdate coupling reagent conprises di mmmnmﬂHmﬁm
7. A nmethod according to claim1 wherein the dinerizatibn Stéps»vare ca rled
out at roomtenperature. 8. A nethod according to claiml1l wherein the

28 '

15. A method according to claim 1 wherein fractions
collaected after the first filtration step which are primarily
monomeric ribonuclease are recycled in the dimerization process.

16. A method according to claim 1 wherein the second
filtration step is carried out using a cross-linked dextran ion
exchange resin. '

_ 17. A method according to claim 1 wherein the second
filtration step is carried out at a pH of about 5.

18. A method according to claim 17 wherein the pH of
the second filtration step is obtained using a sodium acetate
buftfer.

19. A method accotdihq to claim 1 whe:ein fractions
collected during the second filtration step are analyzed by gel
electrophoresis. '

20. A method according to claim 1 whersin a
desalination step is carried out after the second filtration
atep.

21. A method according to claim 20 wherein the
. desalination step:is. carried ocut using a cross-linked dextran G25
column.

23. A method according to claim 1 further comprising
the step of removing endotoxins from the purified ribonuclease
dimer product.

23. A~method according to claim 22 wherein the
endotoxins are removed using a Detoxigel column.
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di meri zation steps are carried out-while continuously stirring the . —_
solution. 9. A nethod according to claim 1 wherein the-di neri'zatii on
reaction is stopped by addition of HCl. 10. A nethod according to claim1
wherein the dinerized ribonucl ease solution is concentrated before the.

| i quid chromat ography steps, using a tangential flow system 11. A nethod-
according to claimL wherein the first liquid chromatography step is
carried out using a cross-linked dextran ion exchange resin. 12. A nethod
according to claim1 wherein the ribonucl ease nononmer sol ution conprises
40-60 g of ribonucl ease nonomer and 4-63% of buffer, and wherein the
coupling reagent is ' :

Abgtract

METHOD OF PREPARING RIBONUCLEASE DIMERS

A method for preparing purified ribonuclease dimers is
provided which comprise the steps of dimerizing monomeric
ribonuclease with a suberimidate coupling reagent, filtering out
undimerized monomers and oligomers from the dimer solution using
a series of ion exchange resin chromatography steps, monitoring
the progress of the reaction through gel electrophoresis, and
collecting the purified ribonuclease dimer product. The method
is advantageous in that large amounts of the dimeric product can
be obtained efficiently and relatively inexpensively, and the
ribonuclease dimers so produced can be employed for their
beneficial effects in combatting viral and bacterial infections
without  the cytotoxic effects normally associated with the
ribonuclease monomer. '

Figure 1

' t
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added in an anmount of from about 4-6 g. 13. A nethod according to claim1l
wherein the fractions collected after the first |iquid chronatography step
are anal yzed by gel electrophoresis. 14. A method according to clains 1
wherein the fractions collected following the first liquid chromatography
step are |yophilized. 28 15. A nethod according to claim1l wherein
fractions collected after the first liquid chronmatography step which are
primarily
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nmononeri c ribonucl ease are recycled in the dinerization process 16. A

met hod according to claim 1 wherein the second |iquid chromatography step
is carried out using a cross-linked dextran ion exchange resin. 17. A

met hod according to claim1l wherein the second |iquid chromatography is
carried out at a pH of about 5. 18. A nethod according to claim17 wherein
the pH of the second liquid chromatography sfgp is obtained using a sodium

acetate buffer.

19. A nmethod according to claim 1l wherein fractions

collected during the second |iquid chromatography step are analyzed by gel

el ectrophoresis. |
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desal i nation step is carried out after the second |liquid chromatography
step. 21. A nmethod according to claim20 wherein the desalination step is.
carried out using a cross-linked dextran &5 colum. 22. A nethod
according to claim1 further conprising the step of renoving endot oxins
from the purified ribonucl ease di mer product. 23. A nethod according to

cl aifm 22 wherein the endotoxins are renoved using a Detoxigel. colum.

16
pocket. During the testing, the standard IV
(Merck) protein nixture is spread on as a
reference, covering molecular weights of 12, 300;
30,000; 45,000; 66,200; and 76,000. The coating
5 buffer used was comprised of the following
ingredients: '
0.72 g tris HCL (0.06 M)
0.136 g EDTA (IIXI) (5 mM)
0.18 g Glycerine (10%) :
o 10 5 g SDS, pH set at 7.2 (add 90 ml water)
10 ml beta-mercaptoethanol (10%)

For the gel-electrophoresis procedure, an 18%
separating gel is prepared which is overlaid with a
3.9% collecting gel. The separating gel solution
15 for 18% acrylamide was comprised of the following
ingredients: |
9 g acrylamide
0.045 g bisacrylamide
0.136 g tris HCL pH 8.8 (0.325 M)
20 0.03 ‘g SDS
: 200 ul 10% ammonium persulfate solution
Nt 20 pl TEMED

The collecting gel solution for 3.9%
acrylamide was comprised of the following:

25 0.39 g acrylamide

10.4 mg bisacrylamide

0.125 g tris HCL pH 6.8

10 mg SDS

100 ul 10% ammonium persulfate solution
30 10 pl TEMED |

| e, 17 SEP1997'




29 20. A nethod according to Caim1l wherein a desalination step is carried
out after the second filtration step. 21. A nethod according to Claim20
wherein the desalination step is carried out using a Sephadex &5 col umm.
22. A pethod according to Claim1 further conprising the step of renoving
endotoxins fromthe purified ribonucl ease di ner product. 23. A nethod
according to Claim 22 wherein the endotoxins are renoved using a Detoxi gel

col um.
5
o/ 10
15
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The SDS-polyacrylamide gel was prepared by
taking two 20 x 20 cm glass plates which are
thoroughly cleaned and rinsed with ethanol, and
placing them one atop the other. Two spacing
strips of 1 mm thickness (length 20 cm, width 1
cm) provided the space between the plates into
which the gel was poured. The spacing strips are
mounted on the left and right edges of the glass
plates. The bottom edge is sealed by a textile
adhesive strip, and all three edges are reinforced
with clamps. The edges are additionally sealed
with a 1% agarose solution. After hardening of the
agarose, the separating gel solution prepared above
is filled into the interstices in vertical position
up to approximétely 3 cm below the top edge of the
glass plate, and with the aid of a Pasteur pipette
is overlaid with a layer of water. The gel is
polymerized after approximately 30 minutes. The
coating of water is poured off, and the edge of the
gel is rinsed one time with the collecting gel
solution described above.

Next, the collecting gel solution is filled in
up to the edge, and a Teflon sample collecting comb -
is put in so that the bottom edge of the sample
pocket lies approximately 1 cm over the front edge
of the separating gel layer. After approximately
15 minutes, the collecting gel is polymerized, and
the comb can be removed. Next, the textile
adhesive strip is removed and the gel is joined in
the vertical position to an electrophoresis
apparatus. The buffer chambers are filled with an
electrophoresis buffer (6g tris-base, (0.05 M):
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with sterile water. A ribonuclease dimer solution in a
volume of 2 liters was coated onto the gel bed and
was left to soak into the gel. The protein was
then eluted with the equilibrating buffer and was
collected in a sterile beaker. The solution was
then passed for lyophilization into a sterile
round~-bottom flask.

The endotoxin content of the preparation was
determined with a diagnostic kit called "Coatest
(R)" of the Kabi-Vitrum firm of Munich. This test
is based on the activation of Limulus-Amoebocyten-
Lysat (LAL) by the endotoxins. The activated LAL
separates the yellow dye p-nitroanilin from a
chromogenic substate'(s-2423), and the reduction in
color is measured as a determinant of the endotoxin
content at 405 nm by a spectral photometer. The
purified ribonuclease dimeric products having below
0.1 ng/mg were passed on to round-bottom flasks and
then lyophilized. The resultiné product was a
lyophilized highly purified ribonuclease dimer
solution which could be stored until needed for
further use.

Example 2: nzyme Activity Test

The enzyme activity of the dimeric
ribonuclease prepared in the present invention can
be tested using an activity test such as described
in Kunitz, J. Gen. Physiol. 24:15 (1940). This
test is based on the fact that as a result of the
influence of ribonuclease on ribonucleic acid, its
absorption spectrum is shifted in the UV range
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The ribonucleic acid and test sample solutions
were mixed in a cuvette and the reduction of
nucleic acid was tracked for approximately 20
minutes using the spectral photometer specfronic
1001 (Bausch & Lomb). The absorption profile was
recorded, and the linear range was observed for
about 8 minutes. The reactions were continued at
25°C until the reaction completion, which occurred
after approximately 3 hours. The solutions were
then measured again for determination of a final
value and measurements were repeated twice to get
an average value therefrom.

For calculation of the enzyme activity, the
extinction of the nucleic acid must be determined
at the start of the reaction (E;), and the final
extinction (E,) of the reaction at A E/minute of

‘the linear initial range. The dilution of the

ribonuclease dimer test sample must be selected so
that A E/minute is not greater than 0.007. A blank
value is set from a reaction batch made with
ribonuclease and water, which must be subtracted
ﬁrom the measured values. An enzyme unit is
defined as the guantity of enzyme under which the
test conditions cause a drop of 100% per minute of
the value of E-E, for the substrate at 25°C.  The
greatest possible value for the extinction observed
at 300 nm is E~E,. The calculation of the
specific activity of the enzyme was as follows:

(3 x 4 E/min) Dilution factor
(E, - E,) x volume (ml) of sample solution

' REPLACEMENT SHEET
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1. A method of preparing a purified ribonuclease dimer

product wherein a ribonuclease solution is prepared by adding
monomeric ribonuclease to a buffer solution, a suberimidate

coupling reagent is added to dimerize the ribonuclease monomers

in the ribonuclease solution, and the dimerized ribonuclease

solution is separated from contaminations by liquid chromato-
graphy, characterized in that '

- the buffer solution is adjusted to a pH of at least
9

the pH is maintained at at least 9 during dimerization;
the dimerization reaction is stopped at a given
- point by lowering the pH to about 7; and

at least one additional separation step is carried
out by liquid chromatography

2. A maethod according ta clainm 1 wherein tha monomeric
ribonucleage: solution-ig adjusted to a pH of about 10.

3. A method. according to claim 2 wherein the monomeric

ribonuclease solution is adjusted to pH 10 by adding NaoOH.

4. A method according to claim'i wherein the buffer

used in the monomeric ribonucleasa soclution ia comprised of a
disodium hydrogen phosphate dihydrate buffaer.

5. A method according to claim 1 wherein the couplng

reagent ia added to the monomeric ribonuclease solution while the
solution ia maintained at a pH of about 10.
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6. A method according to claim 1 vherein the

suberimidate coupling reagent comprises dimethyl suberimidate.

7. & method according to clair 1 wherein the
dimerization steps are carried out at room temperature.

8. A method according to claim 1 wherein the

dimerization steps are carried out while continucusly stirring
the solution. '

9. A method according toc claim 1 vherein the
dimerization reaction is stopped by addition of HC1.

10. A method according to claim 1 wherein the
dimerized ribonuclease solution is concentrated before the

liquid chromatography steps, using a tangential flow system.

11. A method according to claim 1 wherein the first
liquid chromatography step is carried out using a cross-linked

dextran ion exchange resin.

12. A method according to claim 1 vherein the
ribonuclease monomer solution comprises 40-60 g of ribonucleasa

monomer and 4~6- L of buffar, and wherein the coupling reagent is
added in am.amount: of from about 4~6 g.

13.. A method according to claim 1 wherein the
fractions collected after the first liguid chromatography step
are analyzed by gel electrophoresis.

14. A maethod according to claim 1 wherein the
fractions collected following tha first liquid chromatography
step are lyophilized.
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15. A method according to claim 1 wherein fractions
collected after the first ligquid chromatography step which are primarily
monomeric ribonuclease are recycled in the dimerization process.

16. A method according to claim 1 wherein the second

liquid chromatography step is carried out using a cross-linked
dextran ion exchange resin.

1?. A mathod according to claim 1 wheraein the second

liquid chromatography is carried out at a pH of about 5.

18. A method according to claim 17 wherein the pH of

the second liquid chromatography step is obtained using a’ sodium
acetate buffer.

19. A method according to claim 1 wherein fractions

collected during the second liquid chromatography step are
analyzed by gel electrophoresis.

'20. A method according to claim 1 wherein a

desalination step is carried out after the second liquid.._.
chromatography step.

21. A method according to claim 20 wherein the

desalination step:is carried out using a cross-linked dextran G25
column. :

22. A method according to claim 1 further comprising

the step of removing endotoxing from the puritied ribonuclease
dimer product.

23. A mathod according to claim 22 wherein the
endotoxing are removed using a Detoxigel column.
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